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Preface to ”Urban Ecosystem Services II: Toward a
Sustainable Future”
Twenty years have passed since the Millennium Ecosystem Assessment was launched in 2001
and published in 2005, yet ecosystem services in the urban environment are more essential than ever
for the long sustainability of cities. The long-term sustainability of cities is also dependent on how
we plan cities and how ecosystem services become an integral part of spatial planning and design.
Twenty years have also passed since the death of Professor Ian McHarg who taught us that we need
to design with nature and that it is important for politicians, designers, and all people involved in the
city-design process to understand its role as well as any associated ecosystem services. In this regard,
the COVID-19 pandemic has presented an important integrative view in which urban economies,
urban social structures, and the urban-to-environment outlook have all been shocked. This shock
effect has produced novel research reflected in this book. The two editors strongly believe in the
sustainability of future cities and decided to publish a second book on urban ecosystem services
with the focus on building a sustainable future. Specifically, this second book provides updates on
the scientific literature by collecting eleven peer-reviewed articles published in the scientific journal
Land.
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The term ecosystem services was coined to describe the societal benefit that natural
ecosystems provide, as well as to raise awareness about biodiversity and ecosystem conser-
vation [1]. Nowadays, with most people living in cities (i.e., over 50%) and the challenges
that come with it, such as the urban heat island effect, food security, floods, pollution, and
so on, the concept of ecosystem services is linked to the built environment’s sustainability
and livability [2,3]. Cities have long been one of the least researched ecosystems in this
regard [4]. Consequently, there is a growing interest in urban ecology as well as in urban
ecosystem services (UES) that present solutions to the above issues within the environment
of the cityscape [2,4]. The need to study these “novel” ecosystems can mitigate the effects of
the growing urban population and rural-to-urban transition. In this context, following the
first special issue on UES [5], this second special issue aims to update existing knowledge
and identify gaps and potential areas for future research. This second issue, in particular,
has 10 peer-reviewed papers authored by scholars from all over the world, spanning five
continents (Figure 1).
The structure of this article is to look at the current knowledge-base, point out gaps,
and summarize future research findings within the dimension of UES. Lourdes et al. [6]
point out that research on UES in the Global South has not been extensively examined
as it has been in the Global North. To address this issue, they conducted a systematic
literature review of UES in Southeast Asia over a two-decade period [6]. Their findings em-
phasize the region’s unequal distribution of UES research and highlight common services,
scales, and characteristics examined, as well as methodologies used [6]. They identified
that while most research analyze regulatory and cultural UES at a landscape scale, few
studies looked at interconnections between services by evaluating synergies and trade-
offs [6]. Their results also suggest the urgent need for multitemporal and scenario-based
research on the resilience of UES provision [6]. The researchers concluded that more
research is needed to incorporate a variety of monetary and non-monetary valuations,
as well as increased stakeholder involvement in UES assessments, so that the valuation
of UES can encourage more transparent tradeoff assessments to support sustainable city
planning [6]. In the Global South, there is also little evidence available on how people
perceive the benefits and costs of urban green spaces [7]. To fill this gap, Pineda-Guerrero
et al. [7] used semi-structured surveys, statistical analyses, and econometrics to investigate
user perceptions of governance and the benefits and costs, i.e., ecosystem services and
ecosystem disservices, provided by neotropical green areas in Bogota, Colombia, as well
as their willingness to invest in their conservation. Despite the sub-severe watershed’s
stormwater runoff concerns, their modeling reveals that air quality and biodiversity are
very important advantages while water control is not [7]. In terms of costs, inadequate
levels of maintenance and infrastructure in the investigated green areas were linked to a
sense of insecurity due to crime. The community’s unwillingness to invest (UTI) in green
space protection was impacted by their perceptions of government openness, corruption,
and performance [7]. The findings indicate that socioeconomic backgrounds, government
1
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performance, and environmental education all influence the value or priority individuals
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Figure 1. Authors’ affiliation country. Source: Created using MapChart.net.
Animals play an important role in providing ecosystem services in cities. Conserv-
ing animal populations that offer faunal ecosystem services is critical to ensuring that
cosystems continue to operate prop rly and provide ecosystem services where there is
a need for them [8]. For example, birds provide a variety of ecosystem services and are
some of the most successful urban adapters [9]. Based on a literature review of research
conducted between 1979 and 2020, Patankar et al. [9] reviewed research studies on traits
that influence the sur ival and response of birds to urbanization, identifying the state of
current knowledge, highlighting key knowledge gaps, and identifying geographic and
species-specific disparities in research that require specific focus. There is still a gap in
the scientific literature on how people perceive urban forestry and related ecosystem ser-
vices [10]. The research of Alves Carvalho Nascimento and Shandas [10] intended to
address this gap by looking at how neighborhood trees and socioeconomic factors affect
public perceptions of ecosystem service availability. They studied socioeconomic factors,
land cover statistics, and public opinions of neighborhood trees in Portland, OR. The find-
ings showed a strong link between tree canopy, resident income, and sense of responsibility
for urban forestry, based on over 2500 survey responses [10]. While a body of literature
highlights the importance of trees in delivering UES (e.g., pollination, air quality, carbon
storage and sequestration, temperature mitigation, etc.) [11–13], their survey findings show
that management and cultural ecosystems services are important to respondents [10]. This
finding, while seemingly insignificant, is relevant for several reasons, including the fact
that respondents appear to be aware of the financial and maintenance costs associated with
trees [10].
Across the globe, land-based financing is becoming more widely recognized as a
mechanism for developing infrastructure and supplying ecosystem services [14]. One of
the main drivers of urban ecosystem growth in many nations has been a fast increase in
land and property values. This occurrence has given project proponents and policymakers
with a plethora of alternatives and problems, prompting them to construct or incorporate
land-based finance components into their policies and regulations. In particular, the Indian
2
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government and state governments have attempted to monetize land through a variety
of methods in order to improve the financial sustainability of infrastructure and area
development projects. In terms of land monetization approaches, Tirumala and Tiwari [14]
examined Indian central and state infrastructure policies and relating acts. Key factors of
a successful strategy that captures a rise in land values are highlighted and reported on
in their study [14]. Zepp and Inostroza [15] created an ad-hoc assessment to evaluate a
typical environmental compensation technique using ecosystem services with an actual
planning and development scenario involving a planned route to a restructured former
industrial site in Bochum, Germany. The researchers used both techniques to assess the
impact of the proposed construction choices [15]. In a subsequent phase, they chose
the alternative with the lowest effect and calculated the ecosystem service losses from
the compensatory measures [15]. The findings demonstrate that an ecosystem services
evaluation offers a sound foundation for selecting development alternatives, identifying
compensation areas, and estimating compensation amounts, with the added advantage
of enhancing the environmental quality of the impacted areas [15]. When utilizing Zepp
and Inostroza’s method, there are two main limitations to consider. The first limitation
is that they utilized a broad outline of the proposed roadways. In a more comprehensive
analysis, the exact demarcation as described in engineering drawings should be used [15].
The second limitation is that they did not examine the area compensated in terms of urban
structural subtypes in great depth. In general, adding nature-based solutions to existing
urban settings may always enhance the provision of ecosystem services [15]. However,
depending on the morphology of the city, a more precise estimate is required [15].
Greening tram lanes in cities appear to be an important strategy for the development
of green corridors as well as enhancing UES [16]. Łukaszkiewicz et al. [16] demonstrated
how to revitalize the Warsaw cityscape by converting existing tram lines where viable and
developing new ones from a “green perspective.” Green tram lanes reduce the noise level
during tram operation, improve the aesthetic experience of city streets, and, when skillfully-
applied, allow the sound level from traffic to be reduced by 10.0 to 15.0 dB [16]. Their
research exemplifies future UES-based thinking and moves the bar on how infrastructure,
design, and planning come together in a 21st century city. Expanding on this unity-concept,
Wang et al. [17] used multiperiod datasets from the Land Use and Land Cover of China
databases to study farmland loss owing to urbanization in China’s Guangdong–Hong
Kong–Macao Greater Bay Area from 1980 to 2018. Then, using valuation methodologies,
they produced agricultural ecosystem service values (ESVs) to quantify the ecosystem
service changes induced by urbanization in the research region [17]. The findings revealed
that over the last 38 years, urbanization has resulted in a total area of farmland loss of
3711.3 km2, resulting in a direct decrease in total ESVs of 5036.7 million yuan [17]. A
sense of urbanization urgency pinpoints the need for better UES knowledge and how
the cityscape is growing and changing. Due to this urban upsurge, landscape architects
are under increasing strain and require practical knowledge, skills, and methodologies to
support their designs [18]. Cultural ecosystem services (CES) have been linked to landscape
architecture research, and the findings of CES assessments have the potential to help
landscape architecture practice [18]. However, there have been few attempts to investigate
CES in landscape architecture research in a systematic manner [18]. Furthermore, how CES
assessments are carried out in in landscape architecture studies are rarely investigated.
The goal of Cheng et al.’s [18] study points out some of these challenges and recommends
employing CES assessments in landscape architecture practice, with an emphasis on
landscape architecture design [18]. In the last paper, Russo et al. [19] used Bristol City
Centre as an example to illustrate two free user-friendly web resources (i.e., i-Tree Canopy
and the Office for National Statistics). They showed that both tools are simple to use and
effectively convey ecosystem services and monetary values. Their research has updated
the literature on the evaluation of green infrastructure tools in the United Kingdom, as well
as identified topics for further research. As such, important UES gains have been made in
the past year in which researchers have had to ponder and work within the new COVID-19
3
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era. These abrupt changes have resulted in some UES rethinking, as demonstrated in this
article, and from the new work environments city planners and urbanists have faced.
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Abstract: Urban blue-green spaces hold immense potential for supporting the sustainability and
liveability of cities through the provision of urban ecosystem services (UES). However, research on
UES in the Global South has not been reviewed as systematically as in the Global North. In Southeast
Asia, the nature and extent of the biases, imbalances and gaps in UES research are unclear. We address
this issue by conducting a systematic review of UES research in Southeast Asia over the last twenty
years. Our findings draw attention to the unequal distribution of UES research within the region,
and highlight common services, scales and features studied, as well as methods undertaken in UES
research. We found that while studies tend to assess regulating and cultural UES at a landscape
scale, few studies examined interactions between services by assessing synergies and tradeoffs.
Moreover, the bias in research towards megacities in the region may overlook less-developed nations,
rural areas, and peri-urban regions and their unique perspectives and preferences towards UES
management. We discuss the challenges and considerations for integrating and conducting research
on UES in Southeast Asia based on its unique and diverse socio-cultural characteristics. We conclude
our review by highlighting aspects of UES research that need more attention in order to support land
use planning and decision-making in Southeast Asia.
Keywords: natural capital; blue-green infrastructure; urban environmental challenges; Global South;
tropical cities
1. Introduction
The global urban population has grown rapidly in the last few decades, with over
70% of the population in the Global North now residing in urban areas [1]. Similar trends
are evident in the Global South and while developed regions may be better equipped to
manage urban transformations [2], cities in developing regions such as Southeast Asia
face increasing environmental pressures. In 2018, an estimated 320 million people lived
in the urban areas of Southeast Asia (49% of the region’s total population), and this
figure is expected to increase to 66% of the total population by 2050 [1,3]. This rapid
urbanisation has been accompanied by a range of environmental problems, including
5
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the urban heat island effect, floods, poor air quality and noise pollution, all of which
directly impact the health of urban residents [4–11]. These issues are expected to be further
exacerbated by the general vulnerability of the region to climate change impacts [12–14].
Moreover, countries within Southeast Asia have extremely diverse biophysical, cultural,
socio-economic and political characteristics (Table 1). Levels of urbanisation range from
23% (Cambodia) to 100% (Singapore) and gross national incomes range from the 11th
(Singapore) to the 162nd (Myanmar) rank globally. Efforts to mitigate urban environmental
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Planning and designing cities to incorporate blue-green spaces is vital for mitigating
socio-environmental problems affecting health and well-being [23–25]. Urban blue-green
spaces promote greater resilience, sustainability and liveability in cities through the provi-
sion of services such as shading and cooling, carbon sequestration, stormwater manage-
ment, noise attenuation, habitat for biodiversity and recreational opportunities [26–30].
These services, termed ‘urban ecosystem services’ (UES), capture the role of water (blue)
(i.e., lakes and wetlands) and vegetation (green) (i.e., parks and urban forests) in or near
the built environment at different spatial scales (streets, buildings, cities, regions) [31–33].
Generated through the functions and processes of blue-green structures, UES can alle-
viate the environmental pressures of urbanisation and enhance the wellbeing of urban
residents [34–39].
The complex pathways through which UES are delivered can be analysed by the
relationships between (i) structures (e.g., mangrove forests), (ii) their biophysical processes
and functions (e.g., wave attenuation), and (iii) the derived services that deliver goods
and benefits to humans (e.g., coastal flood protection) [40]. The interactions between
these different components can be illustrated through frameworks such as the cascade
model, which acts as a communication tool between experts and local stakeholders to
help support UES assessments for urban planning [41]. Moreover, incorporating UES into
urban planning requires an understanding of the various interactions between services,
which are linked to one another as they stem from the same structures and functions of a
particular ecosystem [42,43]. These interactions include synergies and tradeoffs, described
respectively as positive-positive or positive-negative relationships between two or more
services [44,45].
Research on UES can also be undertaken from various perspectives, given the in-
terdisciplinary nature of the concept. The field has gained prominence for its ability to
integrate natural and social sciences, communicating the dependence of society on ecologi-
cal structures [43]. A wide range of methods have been used to characterise UES and assess
their value to humans. These methods range from biophysical modelling to social surveys
applied at various scales (e.g., landscape scale, site-based scale), with benefits valued
biophysically (e.g., tonnes of carbon sequestered per year), economically (e.g., $500 per
hectare per year) and socio-culturally (e.g., sense of place) [46–48]. UES hold diverse values
to various communities and the valuation of UES is necessary to understand local demands
or benefits [30,49]. Valuations should be supported by the involvement of stakeholders to
further deepen the understanding of local UES needs, while promoting the consideration
of alternative management options [50,51].
Previous reviews of global UES research by Haase [28] and Luederitz [41] highlight
that research has mostly been undertaken in Europe and North America, with research in
Asia dominated by China. Although these reviews have explored the scope and nature of
research on a global scale, they lack the finer resolution needed to understand patterns and
traits of research in any one region. Despite the rapid economic growth and urbanisation in
Southeast Asian countries, UES research across this region has not been reviewed. Hence,
a systematic review of UES is timely, to assess the nature and extent of research on UES in
Southeast Asia.
This review covers the last 20 years, the period within which the global UES literature
has burgeoned. Inspired by Luederitz [41], we address four specific research questions:
(1) How is UES research distributed across Southeast Asia and at what scale(s) are UES
analysed? (2) Does UES research focus on single or multiple services and what type of
blue-green structure are assessed? (3) Which components of the ‘cascade’ are assessed, and
how are the interactions between UES conceptualised and stakeholders involved? (4) What
research perspectives, and data collection and analytical methods are used to assess UES?
Upon reviewing the current state of research in the region, we discuss the challenges and
considerations for integrating UES research given the unique context of Southeast Asia. We
conclude our review with recommendations for UES research in order to support planning
in the region.
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2. Methods
The search string composed terms that expressed the geographical area of interest
(‘Southeast Asia’ and all the countries within the region), the topic of interest (‘ecosystem
service’, its alternative term ‘natural capital’ and, to capture studies that did not explicitly
refer to these two phrases, we included the keywords ‘human’, ‘environment’ and ‘benefit’)
as well as terms that further specified the subtopic of interest (i.e., the urban environment).
The search was applied to publication Titles, Abstracts and Keywords in the Scopus and
Web of Science database as shown below:
(TITLE-ABS-KEY ((“Southeast Asia” OR “South East Asia” OR “Indonesia” OR “Viet-
nam” OR “Thailand” OR “Malaysia” OR “Singapore” OR “Philippines” OR “Cambodia”
OR “Laos” OR “Myanmar” OR “Brunei” OR “Timor-Leste”))) AND (TITLE-ABS-KEY
((“ecosystem service*” OR “natural capital” OR (“human” AND “environment” AND
“benefit*”)))) AND (TITLE-ABS-KEY (“urban” OR “city” OR “cities”))
The initial search return was refined to include only journal articles, book chapters and
conference papers (see Supplementary Material for complete search string). This search
returned a total of 255 unique articles published in the English language. The abstracts of
the returned articles were screened manually to include publications within the scope of
this review based on the following guiding criteria:
• Studies conducted in urban or peri-urban areas in Southeast Asian countries.
• Focuses on ecosystem services or benefits provided to an urban population.
• Explicitly includes the phrase ‘ecosystem services’ or ‘natural capital’, otherwise
describes the link between the environment and the benefits provided to urban popu-
lations.
The final list comprised 149 empirical articles, assessing one or more ecosystem
services in urban Southeast Asia (see Table S1 in Supplementary Material). Studies that
investigated multiple urban areas within and outside of Southeast Asia were included in
the review, if at least one study site was located within Southeast Asia. Each article was
classified to identify information relevant to the four research questions, as described in
the sections which follow. Refer to Table S2 in Supplementary Material for further details
on definitions and classification protocol.
(1) How is UES research distributed across Southeast Asia and at what scale(s) have they
been analysed?
Following the TEEB classification for ecosystem services [52], we classified the ecosys-
tem services studied into four main categories: (i) provisioning, (ii) regulating, (iii) sup-
porting and (iv) cultural. These four categories will be hereafter referred to as ‘ecosystem
service domains’. We chose the TEEB classification of ecosystem services over the two
other common approaches to classifying ecosystem services—the Millennium Ecosystem
Assessment (MEA) and Common International Classification of Ecosystem Services (CI-
CES). TEEB is well-known in the context of environmental economics and provides a
robust framework for applications in urban planning and policies [53]. Moreover, the TEEB
framework emphasises the need for valuing ecosystem services such that the wide range
of benefits of ecosystems and biodiversity is recognised by decision-makers [54]. We also
recorded the location (e.g., city and country) of studies and quantified the number of times
ecosystem service domains were assessed for each country. To analyse the scale of UES
assessment, we recorded the population size and area of study sites, scale of assessment as
well as distinguished between ‘urban’ and/or ‘peri-urban’ areas.
(2) Does UES research focus on single or multiple services and what type of blue-green
structure have been assessed?
We recorded the ecosystem services assessed as one of the 17 ecosystem services
defined by the TEEB framework [52]. As studies can mention more ecosystem services
than those that were empirically assessed, we only classified ecosystem services that were
explicitly investigated. We evaluated the number of services assessed in each study and
9
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whether the services belonged to the same ecosystem service domain. The ecological
structures that provide the investigated ecosystem service(s) were classified as either
vegetative (green) or water (blue) structures. We identified 12 categories of blue-green
structures, comprising four blue structures (coastal lands, wetlands, rivers, lakes) and
eight green structures (urban forests, parks, street greenery, gardens, rooftops, green walls,
cultivated lands and grasslands; refer to Table S3 in Supplementary Material for detailed
definitions of blue-green structures).
(3) Which components of the ‘cascade’ have been assessed, how are the interactions
between UES conceptualised and stakeholders involved?
The components of ecosystem service ‘cascade’ were assessed according to structure,
function, services, and each linkage between structure-function-services (Figure 1). We
described studies as either reviewing one of these six components, all of the six components
or none, if studies did not assess any of the components in depth. We recorded the explicit
assessment of synergies and tradeoffs in studies as well as the involvement of stakeholders
in supporting UES assessments. The latter was defined as the feedback or involvement of
external parties, aside from the researcher, in assessing UES. Studies involving surveys and
interviews were considered to have involved stakeholders.
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(4) What research perspectives, and data collection and analytical methods are used to
assess UES?
We assigned each study one of the following six research perspectives: (i) ecology,
(ii) social, (iii) planning, (iv) governance, (v) economic and (vi) methods [41]. The defini-
tions for this classification are available in Table S2 in Supplementary Material. Although a
single study can be undertaken with more than one perspective, we classified each study
by its most dominant research perspective.
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Data collection methods were classified into four categories: (i) ‘field-based empirical’,
(ii) ‘biophysical modelling’ which is sub-divided into ‘process/mechanistic modelling’ and
‘land cover proxy’ (e.g., remote sensing of land cover), and (iii) ‘social surveys’ and (iv)
case studies. We also recorded the type of data collected (i.e., ‘quantitative’, ‘qualitative’, or
‘both’) and the temporal focus of the study. Studies were also reviewed for the valuation of
UES and where valuations were conducted, we distinguished between ‘monetary valuation’
(i.e., economic) and/or ‘non-monetary valuation’ (i.e., social or biophysical).
3. Results
3.1. Distribution and Scale of UES Assessment across Southeast Asia
Of the 149 studies reviewed in Southeast Asia, 29% were conducted in Singapore
(n = 44), followed by 22% in Indonesia (n = 33). Myanmar (n = 4) and Timor Leste (n = 1)
had very few studies, while no published studies from Brunei were returned in the search
(Figure 2). About 64% of studies had authors with their primary research institution in
Southeast Asia (n = 95), with 59% of studies conducted in the country where their primary
research institution was located. As for studies with authors’ primary research institutions
located outside of Southeast Asia, 16% of authors were based in Europe (n = 24), 11% in
other parts of Asia (n = 17) (mainly East Asia), 5% in North America (n = 8) and 3% in
Australia (n = 5). Note the possibility of some bias in this analysis due to the inclusion of
only studies published in English.
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In terms of the type of urban area assessed, 76% of studies were conducted in fully urban
areas (n = 113), 15% in peri-urban areas (n = 23) and 8% of studies spanned both urban
and peri-urban areas (n = 13). Around 43% of studies were conducted at a ‘single-city
scale’ (n = 64), followed by 32% at the ‘sites within cities’ scale (n = 48) (Figure 3). Only
17% of studies assessed multiple cities (n = 26) and 7% of studies were conducted at scales
larger than cities (i.e., regional or continental scales) (n = 11). Study area sizes varied
markedly, extending from a few square kilometres to tens of millions of square kilometres.
Similarly, population sizes within the study areas differed greatly, from 750 (Botoc village,
Philippines) to 9.6 million (Jakarta metropolitan).
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3.2. Services and Blue-Green Structures Assessed
Of the four domains, regulating (36%) and cultural (26%) services were most assessed.
Most countries had studies encompassing services across all four domains; exceptions
were Laos and Timor Leste (Figure 4a). Studies comprised all 17 ecosystem services across
all domains, with the ‘recreation and mental and physical health’ as the most frequently
studied service (n = 54), followed by the ‘moderation of extreme events’ service (n = 51).
The ‘medicinal resources’ and ‘biological control’ services were least assessed, with only 5
and 4 studies respectively (Table 2). Most studies took a multi-domain approach (n = 67) by
investigating ecosystem services across multiple domains. Around 42% of studies assessed
a single ecosystem service (n = 63), while 13% studied multiple services from a single
domain (n = 19).
60% of studies assessed a single blue-green structure (n = 90) while the remaining stud-
ies assessed two or more structures; the maximum was seven structures (n = 2) (Figure 4b).
Of the 12 blue-green structures, parks were most frequently studied (n = 57), followed
by wetlands (n = 45) and urban forests (n = 44) (note: values differ from the number of
times each structure was studied under ecosystem service domains, see Figure 4b). All 12
structures were studied across the four ecosystem services domains except for green walls,
which were not studied for provisioning services. Rivers, urban forests and cultivated lands
were most commonly studied for provisioning services, while street greenery and wetlands
were commonly studied for regulating services. Parks were almost equally studied for
regulating (n = 39) and cultural services (n = 36), although studies of cultural services
pre-dominantly assessed parks in comparison to all other structures (23%).
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Table 2. The number of studies that assessed each ecosystem service according to the TEEB classifica-
tion system [52]. Note that some studies assessed multiple ecosystem services; thus, the total number
of ecosystem services assessed is greater than the 149 publications reviewed.







Local climate and air quality 44
Carbon sequestration and storage 27
Moderation of extreme events 51
Wastewater treatment 11




Supporting Habitats for species 43
Maintenance of genetic diversity 8
Cultural
Recreation and mental and physical health 54
Tourism 19
Aesthetic appreciation and inspiration for
culture, art and design 44
Spiritual experience and sense of place 25
3.3. Components of the ‘Cascade’ and Stakeholder Involvement
Only 2% of studies (n = 3) did not assess any component of the cascade in depth.
These studies were mainly on the management of ecosystem services using frameworks
that did not focus on any specific component of the cascade (e.g., [55,56]). Conversely, 16%
of studies (n = 24) assessed all three components (Table 3). For instance, Remondi [57]
simulated changes to land use surrounding rivers in Jakarta under different urbanisation
scenarios. The study modelled the capacity of the river (structure) to retain water (function),
in providing fresh water and flood protection services to the local population (services
and benefits). The most studied component was the structure-function linkage (26% of
studies; n = 38), while the function component was least assessed, with only 4% of studies
(n = 6). Only 4% (n = 6) of the 149 studies had explicitly investigated ecosystem service
interactions such as synergies and tradeoffs. The majority of the studies (56%) did not
involve stakeholders either through surveys, interviews or expert input. Of those that did,
most assessed cultural services (n = 46). Links between UES and climate change were only
assessed by 3% of studies (n = 5).
Table 3. Distribution of the number of studies assessing various components of the ecosystem
services cascade.
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3.4. Research Perspectives and Methods of UES Assessment
The number of studies in the region has increased across all ecosystem service domains
(Figure 5a), particularly over the last decade; the review only yielded three studies prior
to 2011 (Figure 5b), with more than 89% being published post-2014 (n = 133). The highest
annual number of studies was in the year 2018, although bearing mind that for 2020 the
review only included studies published between January and August, this year also saw a
relatively high number of papers published.
Land 2021, 9, x FOR PEER REVIEW 11 of 21 
 
Figure 5. The (a) ecosystem service domains and (b) research perspectives, undertaken by studies 
over time. Note: A study may have assessed more than one ecosystem service domain but only 
one research perspective. Hence, Figure 5b represents the actual number of studies reviewed over 
time. 
Only papers published between 2018 and 2020 encompass all six research perspec-
tives. Of the 149 studies, 32% were dominated by an ecological perspective (n = 47), while 
studies undertaken with a governance perspective were least common (3%; n = 5). Since 
2013, more studies have been undertaken with social and planning perspectives, while 
governance-based research has received more attention since 2017. Studies with an eco-
logical perspective were conducted in all countries except Timor Leste, which had the 
least number of studies in the region (Figure 6a). Singapore, Indonesia, Thailand and Vi-
etnam had studies comprising all six perspectives. About 34% (n = 15) of the 44 studies 
conducted in Singapore had an ecological perspective, while only 5% (n = 2) had an eco-
nomic perspective and one study had a governance perspective. There were no studies 
with an economic or governance perspective in Malaysia, although the social perspective 
comprised 43% (n = 10) of studies in this country. 
Figure 5. The (a) ecosystem service domains and (b) research perspectives, undertaken by studies over time. Note: A study
may have assessed more than one ecosystem service domain but only one research perspective. Hence, b represents the
actual number of studies reviewed over time.
Only papers published between 2018 and 2020 encompass all six research perspec-
tives. Of the 149 studies, 32% were dominated by an ecological perspective (n = 47), while
studies undertaken with a governance perspective were least common (3%; n = 5). Since
2013, more studies have been undertaken with social and planning perspectives, while
governance-based research has received more attention since 2017. Studies with an ecologi-
cal perspective were conducted in all countries except Timor Leste, which had the least
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number of studies in the region (Figure 6a). Singapore, Indonesia, Thailand and Vietnam
had studies comprising all six perspectives. About 34% (n = 15) of the 44 studies conducted
in Singapore had an ecological perspective, while only 5% (n = 2) had an economic perspec-
tive and one study had a governance perspective. There were no studies with an economic
or governance perspective in Malaysia, although the social perspective comprised 43%
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Figure 6. Research perspectives undertaken by studies across (a) countries and (b) blue-green structures.
Street greenery, gardens and rooftops were mainly studied from an ecological perspec-
tive, while parks, urban forests and rivers were predominantly assessed from a methods
perspective (Figure 6b). Wetlands were most studied under the governance perspective
(n = 9) and two of four studies of green walls had a planning perspective. Cultivated lands
were equally studied using methods and ecological perspectives.
Over 89% of studies (n = 133) examined UES in a single time period or duration,
with only 16 studies comparing services over two or more points in time. With respect to
the type of data collected, 65% of studies (n = 97) collected only quantitative data, while
only 5% of studies (n = 8) examined qualitative data. The remaining 44 studies examined
both qualitative and quantitative data. Process and/or mechanistic models were the most
utilised method of data collection and analysis in the region, comprising 88 studies (note:
studies can utilise more than one method). Social surveys were the next most common
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method (n = 43), followed by field sampling (n = 33). 13 studies used case studies to
assess UES and 8 studies used landcover proxies. Only 23% (n = 34) of studies conducted
valuations, of which over half were monetary (n = 19). Two studies conducted both
monetary and non-monetary valuations, while the remaining studies (n = 12) conducted
non-monetary valuations.
4. Discussion
4.1. Current State of Research
Our review found that the there was a growing body of research on UES in the
Southeast Asia, particularly in the last five years. The research was biased towards more
developed countries, in particular the city-state of Singapore, where about one third (29%)
of published research was conducted. Previous reviews have also found that UES research
tends to focus on highly developed and urbanised countries [28,41]. It is also apparent that
little research has been conducted in less developed countries such as Myanmar, Cambodia
and Laos. While most papers were authored by researchers based in Southeast Asia, there
were no clear differences between the research foci of authors based in Southeast Asia and
those based outside of the region.
Studies in Southeast Asia provided sufficient contextual information in their assess-
ment, contrary to the findings of Luederitz [41] in their global review. Studies provided
detailed descriptions of the boundary of respective the study areas, population size, loca-
tion of ecological structures and type of structures studied. Of the four ecosystem service
domains, in Southeast Asia, regulating and cultural services were predominantly assessed
(62% of all studies). The two most commonly assessed services were recreation, mental and
physical health (n = 54) and moderation of extreme events services (n = 51). Parks were the
most assessed blue-green structure, while there were few studies focused on coastal areas
(n = 12), rooftops (n = 7) and green walls (n = 4).
Over half the studies examined multiple ecosystem services, within and across do-
mains, and mostly at a landscape scale (i.e., city scale or larger). Studies also assessed multi-
ple components of the cascade, although there is room for a more holistic research approach,
as interactions, such as synergies and tradeoffs between services were rarely examined (4%).
There was also a lack of studies with a multitemporal focus (11%). Process/mechanistic
modelling was the dominant method of UES assessment [58–60], although valuations of
services were lacking.
Stakeholder involvement was higher in studies that examined regulating and cultural
services. Many studies that involved stakeholders also had social or planning research
perspectives suggesting a strong applied focus on managing UES. There were few studies
with a dominant governance perspective and this finding is not unique to Southeast Asia,
as global reviews by Haase [28] and Luederitz [41] also report the lack of governance
discourse on UES research. While the nature of UES research within the region may have
some commonalities with its global counterpart, we highlight aspects of research that are
specific to Southeast Asia, discussing considerations and opportunities for integrating UES
in the region below.
4.2. Specificity of Research in Southeast Asia
The transferability of research may be limited due to the diverse characteristics of
Southeast Asian countries—in particular economic power and government effectiveness
(see Table 1 and Figure 2) [17]. Furthermore, even within countries there can be diversity in
values. There is diversity in environmental conditions as well as the nature of urbanisation
and cultural perspectives and values. For example, Hassan [61] highlighted substantial
differences in wetland management preferences between urban and rural areas in Malaysia.
While, in Singapore, contrary to popular assumptions around the desire for natural green
spaces, some urban residents do not favour high conservation value vegetation and un-
managed secondary forests due to perceived wildlife threats and poor aesthetics [62,63].
17
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If regional uniformity is assumed in how services are perceived and valued, the specific
preferences and/or needs of minority groups may be overlooked when managing UES.
Considering that countries in Southeast Asia are renowned agro-industrial producers
and exporters [64], provisioning services and services from agricultural landscapes (e.g., oil
palm) were fairly understudied in the region. Although it is generally expected that highly
urbanised areas are less likely to include productive areas, agricultural landscapes can be
commonly found within the urban matrix of Southeast Asia [65,66]. While this adds to the
uniqueness of urban-scapes in the region, the interactions between provisioning services
and other service types, as well as implications for different stakeholders is yet to be fully
understood.
Much remains to be learnt about biodiversity and UES in Southeast Asia. As Mam-
mides [67] reported, despite most of the world’s biodiversity being concentrated in the
tropics and the imminent threats it faces, research on tropical conservation is largely un-
derrepresented. In our review, the initial search string, which contained only UES related
terms, returned only 48 relevant publications. It was only through expanding our search
string with more general keywords that we were able to increase the number of publica-
tions. Like most other Global South regions, the underrepresentation of research could
be attributed to Southeast Asia being data poor [68,69], which was noted in a number of
studies [62,70,71].
Limitations in the quality, availability and access to data pose major challenges to
UES research in the region. Databases and organisations that collect and provide open-
access regional environmental data are few to none, compared to those in North America
or Europe (e.g., United States Geological Survey, European Soil Data Centre, National
Biodiversity Network, Biodiversity Information System for Europe, European Environment
Agency). This was reported in several studies such as Balmford [72] who used global
environmental data in their assessment of road networks in the Greater Mekong subregion,
as finer scale, regional data was not available. Estoque [70] also utilised global ecosystem
service values reported by Costanza [73] due to the limited availability of local data
in Baguio, Philippines. Estoque [74] highlighted the need for available and accessible
city-scale data across Philippines for conducting heat vulnerability assessments, while
Belcher and Chisholm [62] reported that in Singapore LULC data is not publicly available.
This limitation significantly affects research outputs as collection and generation of high-
resolution regional data requires important human and time resources.
5. Conclusions: Research Needs to Move Forward
As Southeast Asian cities grow and the population density in urban areas rise, demand
for ecosystem services will become increasing important [75]. The recognised importance
of UES is also seen with the increased number of UES assessments in the region over the
last decade (Figure 5b). Increasing urbanisation and urban sprawls in Southeast Asia often
result in the loss of natural ecosystems due to the infrastructure demands of growing urban
populations [17]. Conserving nature and supporting the provision of UES is often more
cost effective and practical than restoring degraded ecosystems [76,77], so a worthwhile
objective for cities in the region is avoiding the loss of natural ecosystems through the
consideration of UES in planning.
The prevalence of certain services within UES research suggests some UES are con-
sidered to be more important than others, from a research perspective, in the Southeast
Asian context. For instance, the preservation of cultural services such as recreation services
(n = 54) and aesthetic appreciation (n = 44), which are strongly associated with green
spaces [33,78], may be of high interest to urban residents, as these areas are being rapidly
lost to high density development patterns, characteristic of urbanisation in Southeast Asian
cities [79,80]. Similarly, climate regulating services (n = 44) appear to be valued for their
role in reducing urban heat island effects, which is a common issue in the region’s densely
urbanised tropical cities, with high average temperatures [81–84]. These UES, which have
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been the focus of research, may be valued for their direct contribution to the wellbeing of
urban populations and liveability of cities [33,85,86].
Recent research on the nexus between urban challenges, UES and Nature-based
Solutions [17,87,88], highlights the role of UES in improving the liveability, resilience and
sustainability of cities [15,89]. However, the future availability of UES is determined by
land use decisions made in urban planning [90], which need to be supported by exhaustive
assessments of UES. Thus, we highlight the following research areas, based on our review,
that need further attention in order for UES research to wholly support land use planning
and decision-making in the region (Figure 7).Land 2021, 9, x FOR PEER REVIEW 15 of 21 
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(i) Geographically representative assessments
UES research is biased towards specific countries, regions and cities (Figure 2;
Figure 4a). Aside from socioeconomic characteristics (Table 1), there are major biophysical
differences between locations with maritime, continental and island climates in the region.
This means that research conducted in Singapore may not necessarily be applicable in
Cambodia or Myanmar. UES research needs to be context specific in order to purposefully
address local needs. We therefore stress the need for a diverse range of UES assessments
in countries that have very low representation of research such as Myanmar (n = 9), Laos
(n = 1), Timor-Leste (n = 1) and Brunei (n = 0). The focus of assessments should also expand
from megacities to secondary cities that are underrepresented (77% of studies concentrated
on only four megacities—Singapore, Bangkok, Jakarta and Kuala Lumpur).
(ii) Assessments on peri-urban areas and synergies and tradeoffs
As cities expand, peri-urban areas experience rapid land use change. However,
only 15% of assessments examined peri-urban areas, consistent with Richards [91] and
Wangai [75] that highlight peri-urban areas as being understudied globally. We encourage
UES research in peri-urban areas, as these areas are where the intensity of development is
the greatest and UES are being lost or degraded, and therefore where planning is mostly
urgently needed.
It is especially important to investigate the synergies and tradeoffs of UES in urban
and peri-urban areas so the consequence of planning decisions can be considered systemat-
ically [92,93]. Although 58% of studies in the region assessed multiple ecosystem services,
only 4% dealt with synergies and tradeoffs. A clear understanding of the complex interac-
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tions between UES, as well as UES and land use management, is particularly important in
rapidly developing peri-urban areas.
We also highlight the need for synergy and tradeoffs assessments between urban-
isation and provisioning services. The spatial expansion of cities has negative impacts
on urban/peri-urban agriculture [94], which is commonplace in Southeast Asia [66,95].
Given the importance of agricultural production to local livelihood in the region [96], the
sustainability and multifunctional capacity of urban agricultural landscapes needs to be
better understood [97,98]. Careful management of land use as peri-urban areas develop
can yield more sustainable UES provision, than attempts to retrofit restoration efforts in
the future.
(iii) Assessments on coastal areas
Many of Southeast Asia’s densely populated cities are located along the coastlines
(e.g., Greater Jakarta, Singapore, Ho Chi Minh, Bangkok, Manila), yet few studies examined
UES in coastal areas. Coastal cities are particularly vulnerable to coastal and riverine floods,
coastal erosion, storm surges, monsoons and tsunamis [99,100], all of which bring adverse
health risks to the urban population [101,102]. Moreover, many of these extreme events are
expected to increase in frequency in Southeast Asia because of climate change effects [14,99].
Thus, we bring to attention the exigency of assessments of coastal structures as a Nature-
based Solution in coastal cities. Research should also focus on opportunities to support the
resilience of urban communities through the sustainable provision of UES [103].
(iv) Multi-temporal, climate-sensitive and scenario-based assessments
Few studies (11%) have conducted temporal assessments of UES, which are key to
understanding changes in service provision and demand [104]. This is challenging in
practice as there is limited information on how UES change over time and/or under
different future scenarios [57,105]. Moreover, Southeast Asian cities are seen to be highly
vulnerable to climate change effects [17,106,107], yet few studies have examined the link
between UES and climate resilience (n = 5). Assessments of changes in UES can be used
to identify areas vulnerable to weather-related disaster risks and/or support decisions
on appropriate land use management strategies [14]. Our review highlights a pressing
need for multitemporal and/or scenario-based research on the resilience of UES provision.
Research should also address the increased risk of diseases in tropical ecosystems due to the
effects of climate change [108,109], as well as the consequent impacts to UES, particularly
provisioning services [110,111].
(v) Diverse valuations and increased stakeholder involvement
Literature supporting the valuation of ecosystem services is abundant [30,112–114],
with recent research emphasising diverse perspectives in valuations through value plu-
ralism [49]. However, our review found that only 23% of studies in the region conducted
valuations. Valuations support decision-making by providing explicit quantification of UES
demand, which can be in monetary or non-monetary terms [46]. The involvement of stake-
holders (44%) in UES assessments can support valuations by identifying context-specific
demands and preferences of the people appropriating the services [41,49].
In line with TEEB and the Intergovernmental Panel on Biodiversity and Ecosystem
Services (IPBES) [49,115,116], we urge research to incorporate diverse valuations, mone-
tary and non-monetary, as well as increase stakeholder involvement in UES assessments.
Although contentious [117], the comprehensive representation of UES through valuations
has been proven to be effective in influencing decision-makers towards planning agen-
das [118]. This is because valuations can be used as a tool to demonstrate the cost of
restoring ecosystems or the critical importance of alternative land use options objectively to
decision-makers [119–121]. As the invisibility of nature in economic choices often drives its
depletion [53], valuation of UES can encourage more transparent assessments of tradeoffs
to support the planning of sustainable cities.
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Abstract: There is little information concerning how people in the Global South perceive the benefits
and costs associated with urban green areas. There is even less information on how governance
influences the way people value these highly complex socio-ecological systems. We used semi-
structured surveys, statistical analyses, and econometrics to explore the perceptions of users regarding
governance and the benefits and costs, or Ecosystem Services (ES) and Ecosystem Disservices (ED),
provided by Neotropical green areas and their willingness to invest, or not, for their conservation. The
study area was the El Salitre sub-watershed in Bogota, Colombia, and 10 different sites representative
of its wetlands, parks, green areas, and socioeconomic contexts. Using a context-specific approach
and methods, we identified the most important benefits and costs of green areas and the influence
of governance on how people valued these. Our modelling shows that air quality and biodiversity
were highly important benefits, while water regulation was the least important; despite the sub-
watershed’s acute problems with stormwater runoff. In terms of costs, the feeling of insecurity
due to crime was related to poor levels of maintenance and infrastructure in the studied green
areas. Perceived transparency, corruption, and performance of government institutions influenced
people’s Unwillingness to Invest (UTI) in green space conservation. Results show that socioeconomic
backgrounds, government performance, and environmental education will play a role in the value
or importance people place on the benefits, costs, and UTI in conservation efforts in urban green
areas. Similarly, care is warranted when directly applying frameworks and typologies developed
in high income countries (i.e., ES) to the unique realities of cities in the Global South. Accordingly,
alternative frameworks such as Nature’s Contributions to People is promising.
Keywords: urban biodiversity; urban watersheds; Bogota Colombia; corruption; Unwillingness
to Invest
1. Introduction
The link between human well-being and urban green areas, forests, parks, wetlands,
and other natural and semi-natural ecosystems in cities has been well established [1,2] Sev-
eral studies have valued multiple benefits using a diverse set of case studies, methods, and
ecosystem service frameworks like the Millennium Ecosystem Assessment, The Economics
of Ecosystem and Biodiversity, and others [3]. These have classified and defined urban
ecosystem services as well as reviewed methods for their valuation. A similar body of liter-
ature has also discussed ecosystem disservices, or the social, environmental, and economic
costs that these detrimental ecosystem functions have on people’s well-being [4–6].
This urban ecosystem service–disservice literature has primarily used case studies
in contexts such those of Europe and the United States to explore these functions as well
as the links between citizens and the benefits from green spaces [7–9] Similarly, several
27
Land 2021, 10, 14
urban ecological functions result in a suite of disservices and costs including: Human
injuries and infrastructure damage from vegetation debris and growth, wildlife nuisance,
allergies, and maintenance costs, among others [6,10,11]. More recently, because cities are
complex socio-ecological systems, other socioeconomic functions—in addition to ecological
ones—are being included in the assessment of urban ecosystem disservices and can include:
Fear of crime and tree fall, unpleasing aesthetics, diseases from remnant natural areas (i.e.,
wetlands) and foregone property premiums to name a few [6,7,12]. Despite this, there is
much less information on how people in the Global South perceive benefits [13–16], and
even less so on ecosystem disservices and if conventional urban ES/ED typologies are
relevant for green areas of the Global South [17,18].
More recently, the Intergovernmental Panel on Biodiversity and Ecosystem Services
has proposed the Nature’s Contributions to People (NCP) framework or “the positive
contributions, or benefits, and occasionally negative contributions, losses or detriments, that
people obtain from nature” to complement the ecosystem service framework; particularly
in places like the Global South [16]. Although NCP “goes further by explicitly embracing
concepts associated with other worldviews on human–nature relations and knowledge
systems” [16], the concept has sparked a lively debate in the ecosystem service community;
see [18] and responses therein to the article. Despite this recent NCP versus ecosystem
services controversy, the terms “benefits” and “costs” as related to urban green areas have
a long history of use and application dating back to the early 1990s [1] before the advent
and frequent use of these other metaphors [17].
Other studies regularly use geospatial and statistical methods to understand the sup-
ply of these ecosystem services and benefits in cities [19,20]. Surveys are also regularly used
to better understand the perception residents have towards urban ecosystem services [6,15].
Some of these studies use psychometric scales and methods [15], as well as stated prefer-
ences and econometrics, to determine value [6,21]. Fewer studies have, however, measured
the role that governance, perceived corruption, and policy processes have in influencing
people’s willingness to pay to conserve the ecosystems providing such benefits [22,23].
Similarly, the realities of inequity, weak governance, perceived corruptions, and lack of
resources is systematically omitted in stated preference studies in low–middle income
countries [21].
These processes and dynamics between actors or stakeholders, governments, and
the management and planning of these benefits are key elements that link the supply and
demand for benefits [24]. These policy processes, or governance, of ecosystem benefits
has been looked at using several lenses including: Political ecology [25,26], urban and
rural forest management [27,28], biodiversity [22,24], program evaluation, and the urban
ecosystem services framework [8,9,11,29]. However, most of these urban context studies
are predominantly from high income countries such as those of North America, Europe,
and Australia [17].
The concept of governance has many definitions and applications, and has been de-
scribed as “an emergent, often complex decision making process” [30]. Huang, C.W. et al. [24]
define effective governance as a process that “facilitates the development and implemen-
tation of law, regulations, and institutions that have a role in the management of land
resources”. Although generally used as a means to describe the processes used by govern-
ments to include the governed or society in the decision making process (state-centered), it
can also include community and market sectors and situations where actors take a promi-
nent role in the co-management of ecosystems (society-centered; [25,27]). Governance as
such includes processes and interactions that organize power relations, influences, interests,
and government performance and transparency into the decision making process in order
to determine socioeconomic and environmental benefits [28].
Lawrence, A., et al. [28] and Launay, G.C. et al. [31] emphasize the role of measuring
these processes, their applications, and outcomes in terms of evaluating the effectiveness in
assuring good governance. Kenward, R.E. et al. [22] and Huang, C.W. et al. [24] investigated
the performance of governance strategies and context in achieving successful biodiversity
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conservation outcomes and supplies of ecosystem services. However, Turnhout, E. et al. [26]
argue that an increased focus on measuring transparency, efficiency, and effectiveness can
lead to an “impoverished understanding of biodiversity itself”. Examples of frameworks,
models, and discourses related to governance in regards to urban and peri-urban forests
are discussed in detail in [28,32].
However, few studies discuss what good governance is in regards to urban ecosystems
in cities of the Global South [13,20,33]. Lockwood [34] defines “good governance”, which
encompasses: Legitimacy, transparency, accountability, inclusiveness, fairness, connectivity,
and resilience, while [31] promoting criteria such as transparency, corruption, and gov-
ernment performance when evaluating proper governance in Latin American countries.
According to Barrett, C.B. et al. [35], the inverse of transparency, or corruption, in regards
to natural resources is regularly used as an explanation for environmental degradation.
Indeed, in low and middle income countries, perceptions of corruption influence how
people value and access environmental benefits in both urban and rural settings [21]. Yet,
corruption comes in many forms, levels, and scales, and the causal effects and relationships
between corruption and natural resource use and condition can be complex [35].
The above studies document how people perceive and value urban ecosystem ser-
vices in several cities [1,12], and the role of good governance and willingness to pay for
conserving biodiversity and ecosystems [9,24,33,36]. However, as previously mentioned,
less known is how people in places such as Latin America perceive this urban benefit-cost
bundle and how context-specific realities such as lack of transparency, perceived corruption,
and inequity affect people´s willingness to invest in conserving the ecosystems that provide
these services [17,20]. Indeed, even the relevance and direct application of the ecosystem
service framework in places such as the Global South have recently been questioned [13,18].
This study explores how people perceive the benefits, costs, and the influence of gover-
nance on their willingness to invest—or not—to conserve urban green areas. We surveyed
representative areas in an urbanized sub-watershed in Bogota, Colombia. Specifically, we
have three different study objectives. First, we assess how people perceive urban benefits
and costs in an urban sub-watershed in Latin America. Second, we assess how socioeco-
nomic factors affect perceptions. Third, we explore the influence of the different dimensions
of governance (e.g., perceived corruption, transparency, government performance) on peo-
ple´s willingness to invest for the conservation of the green areas and wetlands providing
these benefits and costs (i.e., Ecosystem Services–Ecosystem Disservices (ES–ED)). So as to
avoid the ecosystem service versus NCP controversy [18], we use the terms urban “benefits”
and “costs” as defined by Dwyer et al. [1] in our study and analyses; but we do discuss the
relevance of these metaphors (i.e., ES, ED, and NCP) in our Discussion and Conclusion
with a focus on the promising use of NCP.
2. Materials and Methods
2.1. Study Area
The study area was the El Salitre urban sub-watershed in Bogotá, Colombia (Figure 1).
Bogotá is located at 2600 m in elevation and has a subtropical highland climate temperature
that varies between 7–17 degrees C, and total average annual rainfall is about 825 mm [37].
The study´s sub-watershed encompasses the localities of Usaquén, Santa Fé, Chapinero,
Teusaquillo, Barrios Unidos, Engativá, and Suba, and within these are 1894 different
neighborhoods encompassing 11,791 has. Although the sub-watershed does encompass
a large portion of the adjacent Eastern Hills Protected Forest Area (i.e., Reserva Forestal
Protectora Bosque Oriental de Bogotá) to the east of Bogota, the study was done entirely in
the urban portion. The El Salitre River is mostly channelized in this urban portion and is
often referred to as the Arzobispo, Quebrada Molinos, Rio Callejas, and La Sirena streams
or drainage channels. There are four officially designated wetlands and approximately 175
different parks and water bodies within the watershed. In all, 3 wetlands, 5 parks, and 2
green areas were selected for sampling the sub-watershed (Table 1).
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283-hectare recreational park bordering an extensive forest reserve to the
east of Bogota
Parque de los Novios 3 23-hectare recreational park with a large lake in the center
Parque El Nogal 5 3100 m2 recreational park in a residen ial and business district
Park Way 4 Linear, recreational park 30 m in width extending for about 9 city blocks
Parque Montereserva 6 Recreational green space adjacent to multi-story residential buildings
Green areas
Jardín Botánico de Bogotá 3 Municipal botanical garden
Quebrada las delicias 1 Conservation riparian area at the edge of forest reserve to the east of Bogota
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The sub-watershed also encompasses all the different sub-neighborhood level socioe-
conomic strata that characterize Bogota. Bogota is divided into six different designated
socioeconomic strata, that were designed to subsidize utility payments and infrastructure
based on resident’s average income, and thus are a measure of a residential zone´s income
status; socioeconomic strata 1 being the lowest income and 6 the highest. These strata are
correlated with green space cover and subsequent ecosystem service provision and bene-
fits [38]. Bogota has a high population and building density and as such, the sub-watershed
poses several socio-political and environmental realties typical of medium income Latin
American cities. For example, sewage pollution discharges into the wetlands and streams
in the forest reserve are common [39]. Urbanized areas near wetlands also experience
frequent flooding, and informal settlements—both high and low income—are sporadically
being established in the foothills and are characterized by high impervious surfaces and
inadequate waste management [39].
Air and water pollution concentrations are also high along transportation land uses
and stream channels. Streams, as previously mentioned, are channelized and made imper-
vious to deal with excess stormwater and effluents [37,38]. Specific neighborhoods in the
study sub-watershed such as Engativá and Suba are characterized by high rates of criminal
activity [27,40]. Thus, given the complexity of sampling in densely populated areas with
disparate socioeconomic realities and access and safety issues, we were not able to use
other standardized methods for selecting urban sites that are frequently used in places such
a Europe [41]. Instead, we selected 10 different and representative sites based on safety and
access and we use these to represent the sub-watershed´s different socioeconomic strata
and land uses (Table 1).
2.2. Survey Instrument
We used a semi-structured, in-person survey consisting of 18 different questions that
assessed people´s perception and value for different urban benefits and costs as well as
respondent’s demographic and socioeconomic backgrounds (Appendix A). Questions
were a combination of closed and open-ended items. In the survey, the first part of the
questionnaire was about socioeconomic strata, gender, age, and education level. In a second
section, we measured people´s awareness about the watershed’s ecology in terms of their
ability to recognize key ecological information by asking 4 questions about: Ecological
health, different species, the existence of established wetlands, and an extensive forest
reserve to the east of the city (Figure 1). Accordingly, employees of the Jardin Botanico
de Bogota and students from the Universidad del Rosario surveyed people’s perception
towards climate change and their Willingness to Invest to conserve and restore the ten
different green areas and wetlands we used in the study. In all, we surveyed 500 different
people, or 50 respondents per site. Approximately 75% of the people who were approached
participated in taking the survey and signed an informed consent form.
Based on [1,4,12,16,19,20], we analyzed 8 different benefits and 8 costs that have been
reported to influence people´s perception and values regarding urban green and nature in
cities. We also include crime-related costs [40] and poverty alleviation–income generating
benefits [14] that are not accounted for in ecosystem service typologies [16,18]; but were im-
portant to the citizenry. We have found from previous experience that survey respondents
in this study area do not distinguish among cognitively complex and technically difficult
processes regularly used in ES frameworks such as “ecological functions”, “ecosystem
services and disservices”, and “economic benefits”. Rather, they simply recognize them
as “benefits and costs”. Thus, we also include crime related ED and poverty alleviation–
income generating benefits that are not accounted for in typologies developed in high
income countries such as those associated with the “ecosystem service cascade” [16]. Thus,
we emphasize that the more scientific and technical terms ES and ED were posed as “ben-
efits and costs” in the instrument to better communicate with respondents. However, in
the following methods, results, and discussion sections, they are presented as ES, ED, and
NCP to better contextualize and discuss relative to other relevant literature and studies.
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2.3. Statistical and Econometric Analysis
Survey responses were in the form of dichotomous questions and Likert scales that
were used to statistically characterize the survey population and their responses using
two approaches (Appendix A; [15]). First, we summarized respondent´s socioeconomic
strata, gender, age, and education level. Graphical analyses were used to identify trends
and patterns in responses towards benefits and costs. Then an ordinary least squares
(OLS) regression with robust standard errors: 1. Explored the variables that can influence
perception towards different benefits and costs, and 2. identified variables for a subse-
quent analysis using a more predictive model. Following the work of [42], the following
regression model (Equation (1)) accounted for the social–cultural dimensions of benefits
(Bij):
Bene f itsij = β0 + β1EAi + β2SSi + β3 AEi + βkXi k + εi (1)
where Bene f itsij corresponds to the number of benefits identified by each individual
surveyed in three categories: Provision, environmental, and cultural. This variable was
modelled according to three types of sites: Parks, wetlands, and green areas. The indepen-
dent variable EAi was the environmental awareness of each individual; SSi is the sense of
security; AEi is a dichotomic variable that takes the value of 1 when the individual has a
university degree, and 0 when the individual has a lower degree than a university degree;
Xi is a 3 by 1 vector of control variables. This vector includes the following variables: Age,
a dichotomous variable if the individual is from Bogotá, and another dichotomous variable
if the individual is aware of climate change.
Second, we used survey responses and most of the variables from our OLS model in a
logistic regression to econometrically assess the effects of Weak Governance
(Weak_governance) on respondent’s Unwillingness to Invest (UTI) using Equation (2).
Per Colombian program evaluation standards [31], a response of not willing to invest (i.e.,
UTI) included the following reasons for not doing so: 1. Perception of corruption or that
funds will not be used appropriately, 2. conservation of green areas and wetlands is already
paid for in taxes, 3. the respondents already pay too much tax, and 4. it is the government´s
responsibility to conserve green areas. We recoded people´s Unwillingness to Invest as the
dependent variable UTI = 1; conversely, UTI = 0 if people were Willing to Invest.
ProbUTI = β0 + β1 Weak_Governance + βkX + εi (2)
Thus, based on [31] and [34], the Weak_governance variable in Equation (2) was 1
if there was a perception of weak governance and 0 otherwise. The X in Equation (1) is
a vector representing the socioeconomic variables that were used as controls. We used
Gender = 1 for female, and Age was a categorical variable. Strata were recorded according
to respondent´s socioeconomic strata (1, 2, . . . .6). In order to avoid perfect collinearity
with the intercept of the model, stratum 1 was the omitted variable, as was Salitre if the
respondent was from this locality and the city of Bogotá. Five of the 500 respondents did
not respond to the UTI question, therefore we used 495 responses for this analysis. Logistic
regression estimates were reported using Odds Ratios. Both regression models and all
statistical analyses were done using the Stata Version 12 software.
3. Results
3.1. Socioeconomic Characteristics
The majority of the respondents (68%) were between 18–45 years in age, and 55%
were male (Table 2). About 32% had a university level education, and only 2.4% had
post-graduate studies. Fifty % were in the middle-income strata (Strata 3 and 4), while 20%
were in the lower income strata (Strata 1 and 2).
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Table 2. Socioeconomic characteristics of respondents in the El Salitre sub-watershed in Bogota,
Colombia.
Socioeconomic Characteristics N Mean Std. Dev.
Age (years)
<18 500 9.60% 0.2949
18–30 500 44.60% 0.4976
31–45 500 24.20% 0.4287
46–60 500 14.40% 0.3514
>60 500 7.20% 0.2587
Gender
Female 500 44.80% 0.4978
Male 500 55.20% 0.4978
Education
None 500 0.40% 0.0635
Preschool-Primary 500 11.31% 0.3170
Secondary 500 42.82% 0.4983
Technical 500 10.30% 0.3043
Professional-Technological 500 32.32% 0.4681
Specialization/Masters/ Postgraduate 500 2.42% 0.1539
Doctorate 500 0.2% 0.0449
Socioeconomic Strata
1-Lower 500 10% 0.3003
2-Upper lower 500 10% 0.3003
3-Lower middle 500 30% 0.4587
4-Middle 500 20% 0.4004
5-Upper middle 500 20% 0.4004
6-Upper class 500 10% 0.3003
N, Number; Std. Dev., Standard Deviation.
3.2. Perceptions of Benefits and Costs
We found that air purification was the most frequently identified benefit as opposed
to water regulation and quality (Table 3). Most notably, flooding regulation was the least
identified benefit in all three wetlands. In parks and green areas, air purification was
the most identified benefit, but respondents did identify provisioning benefits in parks,
however, similar to wetlands, flood regulation and water quality were the least mentioned
in both parks and green areas (Table 3).
Overall respondents identified 11 different costs in the watershed (Table 4.). Two of
the wetlands, Tibabuyes and Córdoba wetland, and two parks, Montereserva and Parque
Nacional, had the most costs identified. Respondents in the Cordoba and Tibabuyes
wetlands, for example, reported crime and lack of maintenance and drug use. The Las
Delicias Riparian area, the Botanical Garden of Bogotá, and the Nogal Park were the areas
with least amount of costs reported. Overall, drug use was the main cost reported in parks.
Since crime is a frequently reported problem or ecosystem disservice reported in other
international literature [1,4,22], we here forth focus on this specific cost in subsequent
analyses. The Cordoba (70%) and Santa Maria del Lago (94%) wetlands were reported as
the safest places—in regards to crime—as opposed to the Tibabuyes wetland, which was
the most insecure, as only 8% of respondents considered it safe (Figure 2).
It appears that respondent’s perceptions regarding costs from urban ecosystems
do affect their identification of benefits, and thus there appears to be a trade-off in the
respondent’s sense of wellbeing when they feel unsafe relative to the benefits they perceive.
In general, the areas identified as safest were those that had the greatest number of benefits
identified. Conversely, in sites that were the least secure, respondents identified the least
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tified a greater number of environmental and cultural benefits. There was however no 
relationship between being born in Bogotá and the ability to identify benefits in the sub-
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fits. In wetlands, respondents: With more education, born in Bogota, and with more 
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greater than 60 years old were those that identified the greatest number of environmental 
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Figure 2. Number of responses towards the perception of levels of a cost in the form of high crime (Unsafe) and low crime
(Safe) in 10 different green areas and wetlands in the El Salitre sub-watershed in Bogotá, Colombia.
3.3. Factors Influencing Perceptions towards Benefits
Our OLS model shows that in general, environmental awareness coincided with a
recognition of a greater number of environmental and cultural benefits (Table 5). Those
with advanced degrees and that felt a greater sense of security, or lack of crime, also
identified a greater number of environmental and cultural benefits. There was however
no relationship between being born in Bogotá and the ability to identify benefits in the
sub-watershed. In terms of respondents surveyed in parks, those with greater levels of
education identified a statistically significant greater number of different environmental
benefits. In wetlands, respondents: With more education, born in Bogota, and with more
awareness about the local environment and climate change effects identified a greater
number of environmental and cultural benefits. However, of those surveyed, respondents
greater than 60 years old were those that identified the greatest number of environmental
benefits (Table 5).
3.4. Factors Influencing the Conservation of Bogota´s Green Areas and Wetlands
Overall, 97% of respondents do consider that conserving the watershed’s wetlands
and natural areas would improve the wellbeing of people living in their proximity. Forty-
seven % felt that air quality improvement was the main benefit, followed by health and
wellbeing (27%) and recreational activities (16%). However, when subsequently asked
their WTI for an additional fee in their monthly utility bill to “protect and restore Bogotá’s
natural areas”, 57% responded positively while 43% responded no. When asked why
they were not willing to invest, 17% said that they already pay taxes and that this is
the government´s responsibility, and an additional 16% said that they would not invest
because of misuse of funds (i.e., corruption). However, of those that were WTI, 16% was
because of improvement in wellbeing and protection of biodiversity (11%).
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Table 5. Ordinary least squares regression model for socioeconomic factors that influence the environmental, cultural, and
provision benefits identified in the El Salitre watershed (Robust standard errors in parenthesis) *** p < 0.01, ** p < 0.05,
* p < 0.1.
Variables Number of RegulationES in the Watershed
Number of Cultural ES
in the Watershed
Number of Provision ES
in the Watershed
(1) (2) (3)










Higher education (> university degree) 0.878 ***(0.317) 0.553 *** (0.0905)
0.00150
(0.00382)















Recognizes climate change effects 0.903 **(0.351) 0.900 *** (0.268)
−0.0436
(0.0436)
Born in Bogotá 0.00404(0.138) −0.192 ** (0.0785)
−7.29e-05
(0.00628)
Constant 1.739 ***(0.380) 1.481 *** (0.282)
0.0349
(0.0394)
Surveys 499 499 499
R2 0.0634 0.095 0.021
F statistic 3.662 9.306 0.380
a The environmental awareness variable consisted of 3 questions: Can you identify 3 trees, palms, or plants in this place? Are you aware of
the Reserva Forestal Protectora Bosque Oriental de Bogotá (the adjacent large extensive forest reserve to the east of the city)?; and Can you name
wetlands that are located in Bogota? (Appendix A).
3.5. The Role of Governance and Unwillingness to Invest for Ecosystem Services
We found that WGOV was positively related and significant at all levels to a re-
spondent´s UTI. According to the Odds Ratio, the chance of UTI for conservation was
31 times greater if the respondent perceived WGOV as opposed to strong governance
(Table 6). When accounting for other socioeconomic variables, Odds Ratios show that if
the respondent perceives WGOV, the UTI for conservation is 38 times greater than when
perceiving strong governance (Table 7). The model shows that the control variables are not
significant, however, WGOVC was very robust. Gender, age, and being born in Bogota
were not significant, and the only significant related variables were for respondents in
Strata 2 (upper lower income). That is, the Odds of UTI in strata 2 is 3.1, while for strata 6
(highest income) it is only 0.7.
Table 6. Logistic regression a and Odds Ratio of the effects of weak governance (WGOV) on people’s
Unwillingness to invest (UTI) for urban ecosystem benefits.
UTI Odds Ratio Standard Error Z P > |z| [95% Conf. Interval]
WGOV 31.43382 7.968317 13.6 0 19.1259 51.66216
Constant 0.16 0.027247 −10.76 0 0.114595 0.223396
a Number of observations = 495; Log likelihood = −208.44138; LR chi2(1) = 258.53; Prob > chi2 =
0.0000; Pseudo R2 = 0.3828.
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Table 7. Logistic regression a of the effect of weak governance (WGOV) on people’s Unwillingness to
Invest (UTI) controlling for gender, age, socio-economic strata, and residence.
UTI OddsRatio
Standard
Error Z P > |z|
[95% Confidence
Interval]
WGOV 37.73149 10.60571 12.92 0 21.74929 65.45804
Gender 0.8305991 0.217637 −0.71 0.479 0.497 1.388119
Age 0.9831168 0.11173 −0.15 0.881 0.7868048 1.22841
Stratum 2 3.155877 1.782857 2.03 0.042 1.042915 9.549736
Stratum 3 1.353498 0.642457 0.64 0.524 0.5338548 3.431566
Stratum 4 1.22499 0.6226557 0.40 0.69 0.452347 3.317368
Stratum 5 1.170744 0.595533 0.31 0.757 0.4319894 3.172857
Stratum 6 0.734595 0.420205 −0.54 0.59 0.23941 2.254003
Resides in Salitre 1.058643 0.294395 0.2 0.838 0.613821 1.825818
Born in Bogota 1.140392 0.322006 0.47 0.642 0.6556999 1.983368
Constant 0.1191804 0.06968 −3.64 0 0.0378913 0.3748613
a Number of observations = 495; Logistic Regression chi2(10) = 267.09; Prob > chi2 = 0.0000; Pseudo
R2 = 0.3954; Log likelihood = −204.16118.
4. Discussion
Below we will discuss and interpret our findings relative to the relevant literature;
thus we will use the term “benefit” and “cost” [1] as synonymous with ecosystem service
and disservices, respectively. Later we will discuss the relevance of the NCP framework to
our analysis [16,18]. Overall, our findings are similar to those of many other studies in that
cultural and environmental benefits were the most identified by respondents, specifically,
air quality, aesthetics, well-being, and recreation [43]. Ecosystem service studies in more
rural contexts in middle and low-income countries have found that people focus on
provisioning ecosystem services or benefits as defined in this study [14,44]. In contrast,
in our study these were the least reported. Other studies in natural areas and wetlands
in Colombia have also reported that people primarily identify regulation and cultural
ecosystem services [45]. However, we do note that water regulation and purification were
the least reported benefits in the sub-watershed as opposed to air quality regulation, which
was the most frequently reported ES in the study. Shade, as opposed to other studies, was
also not a top benefit [6]; but “biodiversity” was also highly valued. Interestingly, we note
that these two are considered “ecological structure or functions” in the “ecosystem service
cascade” framework—not benefits per se [3,4]. Interestingly, Bogotá’s economic activities
and topographic, high elevation, and precipitation characteristics, do not make air quality
and temperature regulation issues as pressing as other Latin American cities; however, the
city suffers regularly from floods and stormwater problems [38].
Overall, respondents from lower socio-economic strata perceived fewer benefits than
those from higher income strata. Accordingly, one would surmise that these respondents
spend less time in Bogota’s green areas, but Scopelliti, M. el al. [15] found that it was low
and high socioeconomic strata residents that spent the least time in Bogota´s urban parks.
Regardless, our weak governance results seem to indicate that lower income respondents
do not feel that they are, or should, participate in the decision-making processes. Our
results also show that socioeconomics does play a role in the perception towards benefits.
Some specific relationships between socioeconomic factors and the identification of benefits
have been reported in [46] and [42].
Although income and education are related, there is an obvious relationship between
education and environmental awareness, particularly in regards to the hydrological func-
tions. Allendorf, T. D. et al. [47] found that education level does indeed affect how people
perceive ecosystem services. Our results were similar; where people with the highest
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level of education perceived more benefits than those without. One of the most insightful
findings was the relationship between “wellbeing” and ecological structure-function-form
in that the better maintained green areas were also those that were “safest” in terms of
crime and where the majority of benefits were identified. Similarly, the majority of re-
spondents were aware that there would be a loss in their wellbeing if these green areas
were lost to land use change. Other research in Bogota has shown that public areas with
increased tree-shrub-palm density and heights as well as tree plantings were related to
lower incidences of crime and greater provision of benefits [19,38].
Based on Colombian program evaluation criteria [31] for principles and performance
outcomes for good governance [34], our survey and modelling found that the perception
of governance regarding public expenditures was playing an influential role in the WTI
for benefits. Particularly, perceived weak governance was statistically related to people’s
UTI in conserving green areas. This finding suggests that transparency, performance, and
perceived corruption of government institutions can and will influence buy in and the
value citizens place on the benefits from urban ecosystems [33,34]. Furthermore, the effect
of governance on the UTI for benefits was not homogeneous across all socio-economic
strata. Notably, respondents in Stratum 2 identified a weakness in governance, and this
affected their subsequent odds of not investing for conservation–benefits related initiatives;
this was on average three times greater than individuals from higher socio-economic strata.
Although income and education were related [48], there is an obvious relationship between
education and environmental awareness in particular to the hydrological functions and
other co-benefits [13,49].
The perception of weak or strong governance on watershed and ecosystem manage-
ment, conservation, and urban ecosystem services—or benefits as defined in this study—
has been previously studied by [21,23,26,28,35]. Based on this literature and our findings,
one of the main contributions of this study is that we have identified an influence of weak
governance (i.e., lack of transparency, perceived corruption, and poor government per-
formance) on how society values the urban green space benefits from Neotropical urban
green areas and watersheds. Such information is key for improved governance, effective
conservation, and sustainable provision of benefits to society [24,50].
Our literature review shows how governance is a complex metaphor, and that it has
many definitions and is used in the context of urban ES and biodiversity studies; yet few
studies have actually attempted to measure it and how it can influence urban benefits-costs,
biodiversity, NCP or Nature-based Solutions [24,29]. Thus, to provide for a measure of gov-
ernance, our study measured governance as consisting of: Transparency, corruption, and
government performance. Our measure also incorporated aspects of Launay G.C. et al. [31]
and Lockwood, M.’s [34] definitions of good governance as encompassing: Legitimacy, trans-
parency, accountability, inclusiveness, fairness, connectivity, and resilience. Accordingly, we
found that our corruption and transparency variables can be used as proxies for perceived
corruption, and that funds intended for green area conservation might not be used appro-
priately as perceived by respondents. Similarly, our tax payment variables accounted for
legitimacy, accountability, and government performance (i.e., trust). As such, we found that
although residents pay taxes, many respondents are seeing fewer direct benefits (Table 6).
Additional variables regarding the government´s responsibility for maintaining green areas
accounted for the lack of inclusiveness, fairness, and overall transparency (Table 6). We found
that even though respondents knew that the public areas they used and pay taxes for—and
subsequently received benefits from them—they indicated a lack of confidence and poor
government performance that inevitably affected their response.
We recognize that our use of “socio-economic and ecological processes”, “ES/ED”,
and “benefits and costs” does not match the conventional ES typology and framework.
Additionally, we note that we did not randomly sample individual sites in the watershed
and that our sample size could have been greater. There will also be bias in our results
because the surveyor did not randomly survey individuals or specific places in each site.
Similarly, concepts such as governance and costs as pointed out by our literature review
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are complex metaphors to define and measure. Environmental values, resource conflicts,
power relationships, green infrastructure types, and structure will also affect how people
perceive benefits-cost bundles [20]; these were not studied though. However, given security
and access issues and our review of the relevant literature, we feel that our approach and
modelling results do provide initial insights into the role of perception and the role of
governance on urban green area benefits and costs in a major Latin America city.
Future research could study the perceptions towards benefits and costs and the effect
of other field and in situ cognitive measurements of green space and forest structure
and composition. As indicated by a reviewer, the opportunity exists for also including
other questions as explanatory variables in our models for better understanding citizen
opinions of these functions such as perceptions regarding costs, difference dimension of
governance, or other environmental and social capital factors and how they affect the
valuation of benefits. Indeed, other biophysical factors such as size and density of green
areas per neighborhood could also affect human well-being [2]. Similarly, using other
methods from environmental psychology and experimental economics could also offer
other causal insights as well. That said, the approach used in our study to measure benefits
and effects of weak governance and institutional transparency can be used in adopting and
improving ecosystem service-governance frameworks such as those proposed by [13,51],
and [24] to Latin American socio-ecological systems and their contexts [20]. Implications
can also be made regarding the relevance and application of “Nature-Based Solutions” or
a more culturally and context relevant approach such as the recently proposed “NCP”; a
particularly promising metaphor (Table 3) [18].
Indeed, management and governance of the wetlands and green areas in Bogotá
as a public resource does require accounting for such multiple and complex issues and
language [3,50]. Our findings, for example, also show the importance of focusing envi-
ronmental education efforts and topics on certain demographic groups. Although people
were knowledgeable about the environment, biodiversity, and nature and its benefits, there
was a notable lack of awareness regarding the important hydrological benefits provided by
the watershed’s green areas. As such, there is an opportunity to educate the public about
the existence and benefits of the positive ecological processes provided by wetlands and
parks for the protection of lives and property in Bogotá. Finally, based on our study area
and findings, in order to get buy in from society in conservation efforts, it is essential that
public institutions improve their perceived lack of transparency an performance [31,33–35].
Sarkki, S. et al. [51] proposed different types of “governance services” for different are-
nas (i.e., policy, markets, society, science) as a way to understand ecosystem service dynam-
ics and incorporate them into management and planning frameworks. Falk, T. et al. [36]
also proposed that governance types need to be adapted according to specific benefit types
and institutions. Therefore, key to linking well-being with governance and policy uptake
is to identify a given society´s perceptions and values concerning the benefits and costs
from green areas [24,50]. However, much of this ecosystem services-governance literature
presents concepts, conceptual frameworks, and case studies primarily from countries in
the Global North and wildland, rural ecosystem-based contexts [16,24,33]. However, our
findings add to the emerging ecosystem services, NCP, and governance literature in that
we: Addressed socio-ecological dynamics for low-middle income contexts, measured gov-
ernance using evaluation metrics, and informed how policy processes and incentives can
affect citizen´s UTI in green space and wetland conservation.
5. Conclusions
Our findings provide very basic and useful, yet overlooked, information and guide-
lines for managers, educators, policy makers, and local planners. In particular, urban
park and wetland users can identify the various benefits from urban nature. However,
as in the case of water regulation, information needs to be targeted and context-specific.
That is, in surveyed wetlands, people perceived that air quality was more important than
water regulation. Despite the fact that flooding and water quality problems are much more
40
Land 2021, 10, 14
acute problems in the sub-watershed than air quality issues. Additionally, we found that
conventional ES typologies and frameworks developed in high income countries need to
be adjusted and adapted in order to match the realities on the Global South. The NCP
or Nature-Based Solutions approaches as such provide fertile grounds for future use and
application in places such as Latin America cities.
Similarly, people’s perception of crime and the overall lack of maintenance and in-
frastructure influenced the overall benefit’s they identified from green areas. This was
particularly evident with respondents from lower socio-economic neighborhoods. So, peo-
ple with different education and socioeconomic levels do weigh the tradeoffs of personal
security and perceived lack of governance against the conservation and provision benefits
of and from these areas in different ways. In particular, costs such as crime and litter
did affect them, but detrimental ecosystem structures and their negative functions are
easily addressed in a relatively low-cost manner and can effectively influence how people
perceive these urban benefits. Thus, it is important for planners to consider safety and
maintenance of wetlands and parks because basic simple management, maintenance, and
planning activities can play a role in people´s perception and probably in attitudes and
investment of public resources towards those areas.
Accordingly, conservation and effective management of wetlands, parks, and green
areas is key, and citizens can indeed identify the benefits versus the costs of conserving
them. In order to provide long-term benefits from urban ecosystems, effective governance
processes and environmental education efforts based on the premise that humans are
integral parts of social–ecological systems is key. The perception of good governance is
regularly considered important in this link, but the perceived lack of transparency will be a
limiting factor in people´s buy in and willingness to invest in and maintain the necessary
ecological structure that provides the most benefits and minimizes costs. Accordingly, lack
of governance processes and trust towards the institutions developing and implementing
them will affect the effectiveness of existing planning and management goals.
The benefits and costs of urban green areas—be they referred to as ecological processes,
biodiversity, ES, ED, NCPs, or nature-based solutions, are key in improving the social,
economic, and environmental well-being of citizens; regardless of the metaphor used.
Participatory management and planning of urban green areas requires information on
how the different segments of society perceive both the benefits and costs of urban socio-
ecosystem functions. Thus, effective institutional capacities and transparent state and
non-state centered processes require information on what the different actors perceive
about not only ES/ED, but of the governance and policy processes inherent in delivering
the supply of benefits—and the mitigation of costs—from wetlands and green areas. Indeed,
where good governance is absent, “bottom up” initiatives by citizens are one means to
move towards improving the well-being of people living in urban and peri-urban areas of
the Global South; regardless of what metaphors scientists from the Global North desire to
use to describe these benefits and costs.
Author Contributions: Conceptualization, A.P.-G. and F.J.E.; methodology, F.J.E. and A.P.-G.; formal
analysis, A.P.-G., F.C., and F.J.E.; writing—original draft preparation, A.P.-G. and F.J.E.; writing—
review and editing, F.J.E., A.P.-G., and F.C. All authors have read and agreed to the published version
of the manuscript.
Funding: This research received no external funding.
Data Availability Statement: The data presented in this study are available on request from A.P.-G.
and the corresponding author. The data are not publicly available due to personal data and contact
information collected as part of the survey.
Acknowledgments: We thank the Jardin Botánico de Bogotá- José Celestino Mutis for funding and
leading this project particularly Carlos Fonseca, José Lopez, Catalina Lopera, and Maribel Vasquez for
their assistance and coordination of field crews. We are also grateful to the Universidad del Rosario´s
Biology Program’s undergraduate Socio-ecological Systems class for their valuable contribution
to this work. In particular, we thank Mari Paula Otero, Sara Pedraza, Andrea Aragon, Daniel A
Quevedo, and Nubia Vazquez.
41
Land 2021, 10, 14
Conflicts of Interest: The authors declare no conflict of interest.
Appendix A
Table A1. Table listing response variables, units, and data types for the survey instrument presented in Supplementary Material A.
Note: Only analyzed responses and variables are presented.
Question Response Variable DataType/Units How Data Were Analyzed
Is this place offering any benefits? Awareness of ecosystem functions Yes/No
Dichotomous variable
1 = This place is offering benefits.
0 = This place is not offering benefits.
Which of the following benefits is
this place offering?














• Allows informal Job
Categorical
Variables for each ES Category.
Regulation: Number of ES identified in
this category.
Cultural:
Number of ES identified in this
category.
Provisioning:
Number of ES identified in this
category.
Which are the most important
benefits for you?
Items in #2 were assigned an
importance 1; being the most
important
Ranking This variable was not used for thestatistical analyzes.
Would losing these benefits affect
you? Perceptions of benefits Yes/No
Dichotomous variable.
1 = People consider that losing of these
benefits affect them.
0 = People consider that losing of these
benefits affects them.





• Falling branches and trees
• Trash and refuse
• Invasive vegetation
• Pet excrement
• Insects or rats
Financial
• Maintenance costs
• Lack of maintenance




• Rhinitis or allergies
Categorical Variables for each EDS
Is this place safe? Perception of security Yes/No Dichotomous variable 1 = Safe0 = Unsafe
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Table A1. Cont.
Question Response Variable DataType/Units How Data Were Analyzed
Do you believe that protecting
natural areas improves the
wellbeing of people living nearby?
Perceptions of benefits Yes/No
Dichotomous variable 1 =
Improvement of wellbeing
0 = No Improvement
Do you think urbanization affects
quality of water and flooding?
Perception of urbanization’s




1 = Urbanization affects quality of
water.
0 = Urbanization has no affects on
quality of water.
Can you identify 3 trees, palms, or
plants in this place? Biodiversity awareness Yes/No
Dichotomous variable. This variable
was used to create the environmental
awareness variable. We used the
polychronic command in Stata to
perform the new variable.
1 = At least 1 plant was identified
0 = None
Are you aware of Reserva Forestal
Protectora Bosque Oriental de
Bogotá?
Policy awareness Yes/No
Dichotomous variable. This variable
was used to create the environmental
awareness variable.
We used the polychronic command in
Stata to perform the new variable.
1 = People are aware of the Reserva
Forestal Bosque Oriental
0 = People are not aware of the Reserva
Forestal Bosque Oriental.
Is this reserve important for
Bogotá’s citizens’ wellbeing? Policy awareness Yes/No
Dichotomous variable 1 = Reserve
important for Bogotá’s citizens’
wellbeing
0 = Reserve is not important
Can you name wetlands that are
located in Bogota?
Names of wetlands mentioned by
respondents:
Categorical
Dichotomous variable. This variable
was used to create the environmental
awareness variable. We used the
polychronic command in Stata to
perform the new variable.
1 = At least 1 wetland is identified
0 = None
Humedales de Bogotá
















Humedal Laguna de Chinará
Humedal Techo
Humedales Autopista Norte






Land 2021, 10, 14
Table A1. Cont.
Question Response Variable DataType/Units How Data Were Analyzed
Are you willing to invest an
additional amount in monthly
utilities for programs that protect
and recover natural areas in
Bogotá?
Willingness to pay:
• Not willing to pay
• $1000 to $4000 COP
• $5000 to 10,000 COP
• More than 10,000 COP





Dichotomous variable that was used to
create Unwillingness to Invest (UTI). If
UTI = 1; conversely, UTI = 0 if people
were willing to pay.
Why are you willing to invest or
not?
Governance responses
• Taxes are already paid and
it’s the government’s
responsibility/It is not my
responsibility
• Corruption
• Lack of resources
• It is our responsibility
Well-being/other responses
• Air purification
• I use them
• Improves citizens’ welfare
• Urban biodiversity
conservation
• I do not know
• No answer
Categorical
Variable used to create weak
governance if response was: 1.
Perception of corruption or funds not
used appropriately, 2. Conservation of
green areas and wetlands is already
paid for in taxes, 3. The respondents
already pay too much tax, and 4. It is
the government´s responsibility to
conserve green areas.
Do you believe that climate change
is happening? Climate change awareness Yes/No
Dichotomous variable.
1 = Believe in Climate change
2 = Do not believe in Climate change
References
1. Nowak, D.J.; Dwyer, J.F. Understanding the benefits and costs of urban forest ecosystems. In Urban and Community Forestry in the
Northeast; Springer: Dordrecht, The Netherlands, 2007; pp. 25–46.
2. Valente, D.; Pasimeni, M.R.; Petrosillo, I. The role of green infrastructures in Italian cities by linking natural and social capital.
Ecol. Indic. 2020, 108, 105694. [CrossRef]
3. Haase, D.; Larondelle, N.; Andersson, E.; Artmann, M.; Borgström, S.; Breuste, J.; Gomez-Baggethun, E.; Gren, Å.; Hamstead, Z.;
Hansen, R.; et al. A quantitative review of urban ecosystem service assessments: Concepts, models, and implementation. Ambio
2014, 43, 413–433. [CrossRef] [PubMed]
4. Escobedo, F.J.; Kroeger, T.; Wagner, J.E. Urban forests and pollution mitigation: Analyzing ecosystem services and disservices.
Environ. Pollut. 2011, 159, 2078–2087. [CrossRef] [PubMed]
5. Lyytimäki, J.; Petersen, L.K.; Normander, B.; Bezák, P. Nature as a nuisance? Ecosystem services and disservices to urban lifestyle.
Environ. Sci. 2008, 5, 161–172. [CrossRef]
6. Soto, J.R.; Escobedo, F.J.; Khachatryan, H.; Adams, D.C. Consumer demand for urban forest ecosystem services and disservices:
Examining trade-offs using choice experiments and best-worst scaling. Ecosyst. Serv. 2018, 29, 31–39. [CrossRef]
7. Andersson, E.; Barthel, S.; Ahrné, K. Measuring social–Ecological dynamics behind the generation of ecosystem services. Ecol.
Appl. 2007, 17, 1267–1278. [CrossRef]
8. Ernstson, H.; Barthel, S.; Andersson, E.; Borgström, S.T. Scale-crossing brokers and network governance of urban ecosystem
services: The case of stockholm. Ecol. Soc. 2010, 15, 28. [CrossRef]
9. Kabisch, N. Ecosystem service implementation and governance challenges in urban green space planning—The case of Berlin,
Germany. Land Use Policy 2015, 42, 557–567. [CrossRef]
10. Lyytimäki, J.; Sipilä, M. Hopping on one leg–The challenge of ecosystem disservices for urban green management. Urban For.
Urban Green. 2009, 8, 309–315. [CrossRef]
11. Andersson, E.; McPhearson, T.; Kremer, P.; Gomez-Baggethun, E.; Haase, D.; Tuvendal, M.; Wurster, D. Scale and context
dependence of ecosystem service providing units. Ecosyst. Serv. 2015, 12, 157–164. [CrossRef]
12. Haase, D.; Frantzeskaki, N.; Elmqvist, T. Ecosystem Services in Urban Landscapes: Practical Applications and Governance
Implications. Ambio 2014, 43, 407–412. [CrossRef] [PubMed]
13. Balooni, K.; Gangopadhyay, K.; Kumar, B.M. Governance for private green spaces in a growing Indian city. Landsc. Urban Plan.
2014, 123, 21–29. [CrossRef]
44
Land 2021, 10, 14
14. Daw, T.M.; Brown, K.; Rosendo, S.; Pomeroy, R. Applying the ecosystem services concept to poverty alleviation: The need to
disaggregate human well-being. Environ. Conserv. 2011, 38, 370–379. [CrossRef]
15. Scopelliti, M.; Carrus, G.; Adinolfi, C.; Suárez-Cáceres, G.; Colangelo, G.; Lafortezza, R.; Panno, A.; Sanesi, G. Staying in touch
with nature and well-being in different income groups: The experience of urban parks in Bogotá. Landsc. Urban Plan. 2016, 148,
139–148. [CrossRef]
16. Pascual, U.; Balvanera, P.; Díaz, S.; Pataki, G.; Roth, E.; Stenseke, M.; Watson, R.T.; Dessane, E.B.; Islar, M.; Kelemen, E.; et al.
Valuing nature’s contributions to people: The IPBES approach. Curr. Opin. Environ. Sustain. 2017, 26–27, 7–16. [CrossRef]
17. Escobedo, F.J.; Giannico, V.; Jim, C.Y.; Sanesi, G.; Lafortezza, R. Urban forests, ecosystem services, green infrastructure and
nature-based solutions: Nexus or evolving metaphors? Urban For. Urban Green. 2019, 37, 3–12. [CrossRef]
18. Dıaz, S.; Pascual, U.M.; Stenseke, B.; Martın-López, R.T.; Watson, Z.; Molnár, R.; Hill, K.M.; Chan, I.A.; Baste, K.A.; Brauman,
S.; et al. Assessing nature’s contributions to people: Recognizing culture, and diverse sources of knowledge, can improve
assessments. Science 2018, 359, 270–272.
19. Carriazo, F. Arborización y crimen urbano en Bogotá. IDEAS. 2017. Documentos CEDE 015286, Universidad de los Andes -
CEDE. Available online: https://ideas.repec.org/p/col/000089/015286.html (accessed on 26 December 2020).
20. Dobbs, C.; Escobedo, F.J.; Clerici, N.; De La Barrera, F.; Eleuterio, A.A.; MacGregor-Fors, I.; Reyes-Paecke, S.; Vásquez, A.;
Camaño, J.D.Z.; Hernández, H.J. Urban ecosystem Services in Latin America: Mismatch between global concepts and regional
realities? Urban Ecosyst. 2019, 22, 173–187. [CrossRef]
21. Chaudhry, P.; Singh, B.; Tewari, V.P. Non-market economic valuation in developing countries: Role of participant observation
method in CVM analysis. J. For. Econ. 2007, 13, 259–275. [CrossRef]
22. Kenward, R.E.; Whittingham, M.J.; Arampatzis, S.; Manos, B.D.; Hahn, T.; Terry, A.; Simoncini, R.; Alcorn, J.; Bastian, O.; Donlan,
M.; et al. Identifying governance strategies that effectively support ecosystem services, resource sustainability, and biodiversity.
Proc. Natl. Acad. Sci. USA 2011, 108, 5308–5312. [CrossRef]
23. Kreye, M.M.; Adams, D.C.; Escobedo, F.J.; Soto, J.R. Does policy process influence public values for forest-water resource
protection in Florida? Ecol. Econ. 2016, 129, 122–131. [CrossRef]
24. Huang, C.-W.; McDonald, R.I.; Seto, K.C. The importance of land governance for biodiversity conservation in an era of global
urban expansion. Landsc. Urban Plan. 2018, 173, 44–50. [CrossRef]
25. Perkins, H.A. Out from the (Green) shadow? Neoliberal hegemony through the market logic of shared urban environmental
governance. Politi Geogr. 2009, 28, 395–405. [CrossRef]
26. Turnhout, E.; Neves, K.; De Lijster, E. ‘Measurementality’ in Biodiversity Governance: Knowledge, Transparency, and the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (Ipbes). Environ. Plan. A Econ. Space 2014, 46,
581–597. [CrossRef]
27. Bell, S.; Hindmoor, A. Governance without government? The case of the forest stewardship council. Public Adm. 2011, 90, 144–159.
[CrossRef]
28. Lawrence, A.; De Vreese, R.; Johnston, M.; Bosch, C.C.K.V.D.; Sanesi, G. Urban forest governance: Towards a framework for
comparing approaches. Urban For. Urban Green. 2013, 12, 464–473. [CrossRef]
29. Connolly, J.J.; Svendsen, E.S.; Fisher, D.R.; Campbell, L.K. Organizing urban ecosystem services through environmental steward-
ship governance in New York City. Landsc. Urban Plan. 2013, 109, 76–84. [CrossRef]
30. Van Den Bosch, C.C.K.; Rodbell, P.; Salbitano, F.; Sayers, K.; Villarpando, S.J.; Yokohari, M. The changing governance of urban
forests. Unasylva 2018, 69, 37–42.
31. Launay-Gama, C.; Pachón, M. Prácticas de evaluación de la gobernanza en América Latina; Universidad de Los Andes: Bogotá,
Colombia, 2011.
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Abstract: Urbanization poses a major threat to biodiversity worldwide. We focused on birds as
a well-studied taxon of interest, in order to review literature on traits that influence responses to
urbanization. We review 226 papers that were published between 1979 and 2020, and aggregate
information on five major groups of traits that have been widely studied: ecological traits, life
history, physiology, behavior and genetic traits. Some robust findings on trait changes in individual
species as well as bird communities emerge. A lack of specific food and shelter resources has led
to the urban bird community being dominated by generalist species, while specialist species show
decline. Urbanized birds differ in the behavioral traits, showing an increase in song frequency and
amplitude, and bolder behavior, as compared to rural populations of the same species. Differential
food resources and predatory pressure results in changes in life history traits, including prolonged
breeding duration, and increases in clutch and brood size to compensate for lower survival. Other
species-specific changes include changes in hormonal state, body state, and genetic differences
from rural populations. We identify gaps in research, with a paucity of studies in tropical cities
and a need for greater examination of traits that influence persistence and success in native vs.
introduced populations.
Keywords: urbanization; birds; ecosystem services; survival; adaptations; traits
1. Introduction
Today, urbanization presents a major threat to biodiversity [1,2]. By 2050, 68 percent
of the world’s population will live in urban areas [3]. As urban settlements increase, the
landscape undergoes drastic change from its pristine state [4]. However, ecologically
speaking, urban areas are highly modified and fragmented habitats, in the form of several
managed and unmanaged urban green spaces, like public and private garden, nature re-
serves within the city, vacant plots, to name a few, which are capable of providing resources
to a small number of highly adaptable species of fauna [2,4–6]. Not only resident, but
several migratory, species make use of this urban habitat [7]. The urban avian community
is composed of introduced and invasive species and highly adaptable native species [8,9],
although Aronson et al. [8] observed that the community is dominated by locally adapted
species, with only five percent non-native species. The urban greenspace along with the
biodiversity it harbors, forms a unique ecosystem within the human dominated landscapes,
capable of providing several ecosystem services to the cities [2]. Ecosystem services are
the services that are beneficial to humans as a result of naturally occurring processes [10],
which render them all the more important in human dominated landscapes, like cities.
Birds, which are some of the most successful urban adapters, provide a range of ecosys-
tem services. Birds, in general, are capable of significantly affecting ecosystem processes,
due to their specific characters, like flight capability, high metabolic demand, which leads
to tolerance to discontinuous food sources; and, flock formation, which significantly affects
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ecosystems processes, like nutrient cycling [10]. The urban bird community structure also
acts as an indicator of the structure and functionality of urban areas as habitats [11]. In this
study, it was found that habitat specialists, like woodpeckers and hole-nesting birds, oc-
curred in the peripheral areas of the city, indicating healthier vegetation cover, while habitat
generalists increased near the city center and residential areas with less vegetation cover.
Birds have been found to provide all four types of ecosystem services that were men-
tioned in the UN millennium ecosystem assessment, namely, regulatory, provisioning,
supporting, and cultural [10]. Urban birds provide regulatory services by acting as pest
control agents when they feed on disease causing insects, prey on rodent population, and
scavenge on garbage; provisioning services by acting as seed dispersers when they ingest
fruits, which helps in plant regeneration; and, supporting services by acting as nutrient
recyclers via their excretory products [12,13]. However, urban birds perhaps play the most
crucial role in providing various cultural services. One of the most important services
rendered by urban birds is to act as a connecting link between the natural environment and
the increasingly nature deprived urban denizens [7]. Birds in residential neighborhoods
in cities are generally valued for their color and songs, for providing mental and physical
wellbeing, as indicators of seasonal change, for education, and for giving sense of famil-
iarity, by the residents [7,14]. Birds are also an inspiration for art, recreational activities,
like birdwatching and wildlife gardening [10]. In India, it is a tradition of grain merchants
to give a small portion of their goods to granivorous birds, like house sparrows (Passer
domesticus), as an offering for prosperity in business. In the city of Delhi in India, it is a
common practice of offering meat to scavengers, like black kites (Milvus migrans) as reli-
gious practice, due to which the black kite population dynamics in the city is significantly
affected [15].
It is abundantly clear that the conservation of these ecologically important fauna in
urban landscapes is crucial. Many cities are now experimenting with the management of
urban green spaces for conservation and, there have been numerous studies on the effect
of such management interventions on bird ecosystem services in cities [13]. However, for
such management practices to be entirely successful, it is also important to understand
the uniqueness of birds who call this urban habitat their home. One is then compelled to
ask what characteristics sets apart the birds able to adapt to this unique habitat from those
who disappear from it? It would be counter-intuitive to the purpose of conservation if such
measures are taken without understanding the changes in “traits” of urban birds.
Studies on trait changes have grown in recent years, as researchers begin to focus
on the study of urban areas as modified habitats. It has been suggested that studying
the traits of urban biodiversity could be a more effective approach for preserving the
ecosystem functions and services in urban areas, ss such data provide authentic and useful
information to urban planners [12]. Birds comprise the taxon that is perhaps the best
studied in cities. Birds constitute especially useful model species for studying trait changes,
as they respond to changes rapidly, are of interest to naturalists and the public at large, are
easy to monitor, and they show measurable changes. They have hence been studied widely
in the urban context [16,17].
McKinney et al. [1] conducted the last comprehensive review assessing diverse trait
changes that were observed in urban birds. In general, only certain species, which are
characterized by specific traits or combinations of traits, seem to be more capable of coping
with the environmental alterations that are imposed by urbanization [18]. This capability
might differ according to season, geographic region, or city structure [9], but such species
of urban utilizers can tolerate a wider range of environmental conditions [19] and they
appear to exhibit similar characteristics globally [20,21]. The research on bird adaptations
to urban habitat has since expanded considerably. Many researchers have carried out
reviews and meta-analyses of specific trait changes, including behavioral traits [22,23],
community traits [21], and physiological changes [24]. However, there is a need for an
updated comprehensive review that collates and synthesizes existing information.
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This paper reviews research studies on traits that influence the survival and response
of birds to urbanization, based on a literature review of research that was conducted
between 1979 and 2020, identifying the state of current knowledge, highlighting key
knowledge gaps, and identifying geographic and species-specific disparities in research
that require specific focus. The specific aim of this study was to synthesize the information
available on studies when comparing urban and rural birds while taking a trait-based
approach. Finally, we highlight the gaps in knowledge and pinpoint future directions
for research.
2. Materials and Methods
We listed and categorized the traits that are described in birds referring to the review
paper by McKinney [1] and making additions of our own. The traits were selected with
the knowledge that they were essential for basic survival and reproductive success of
birds. To begin this review, we conducted an intensive literature search for each trait, using
Google Scholar during August 2019, based on combinations of the following keywords:
“urban”, “birds”, “urbanization”, “impacts”, “traits”, “changes”, “effects”, “behavioral”,
“physiological”, “functional”, “diversity”, “global”, “avifauna”, “song”, “life history”,
“nesting”, “foraging”, “generalist”, and “specialist”. Each publication that resulted from
this search was reviewed to determine whether it met the criteria for inclusion. The basic
criterion was that the study had to be either a comparative field study or an experimental
study looking at effects of urbanization in an urban-rural gradient on bird communities or
a single bird species. The literature was searched by its importance and relevance to the key
words used. Review papers and experimental studies were included as a part of this study.
The reviewed papers were grouped into five broad trait groups: ecological traits, which
included traits pertaining to ecological niche and community interactions; life history
traits, which included traits that are related to reproductive success, breeding cycles, and
overall survival; physiological traits, which were related to the physiological, endocrine,
and morphological changes in the birds in urban areas; behavioral traits, which were the
changes in important behaviors, like singing, fear responses, innovative behavior, to name
a few; and finally, genetic traits, which were the trait changes in the genetic structure of
urban birds (for complete list, refer Supplementary Materials Table S1). Each paper was
read and categorized based on the methodology used, the results, and interpretations of
the study. Knowledge gaps and scope for further research were documented.
3. Results
A total of 226 publications were finally included for review (Supplementary Mate-
rials Table S2). The earliest paper that we found was published in 1979. The field has
grown rapidly since then, with research on several different traits (Figure 1; Table 1). The
interdisciplinary nature of the topic has led to an expansion in the number of journals
publishing urban ecological research (Supplementary Materials Figure S1). Behavioral
Ecology published the most papers on trait adaptations in urban birds, followed by Urban
Ecosystems, PLoS ONE, and Scientific Reports (Supplementary Materials Figure S1). Many
of the trait changes have been studied on large bird communities at the regional or global
scale. Song birds and water birds are well studied, and most of our understanding of
impact of urbanization comes from these guilds of birds (Table 2). Additionally, some bird
species such as Eurasian blackbird (Turdus merula) are widely represented in the literature
as compared to others. Studies from temperate countries dominate the literature, with only
a few studies from the tropics (Figure 2).
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Figure 1. Number of research papers on urban bird traits related to urbanization from 1979 to 2020.
Table 1. Number of published articles on each of the bird traits included for this review along with the number of studies
on individual species (<4 species) or large communities (>4 species).
Trait Studied Number of Studies(<4 Species Studied)
Number of Studies
(>4 Species Studied) Total
Ecological
Diversity 1 14 15
Nesting spaces 7 9 16
Abundance 8 8
Richness 10 10
Diet breadth 1 9 10
Generalist-specialist 5 7 12
Distribution pattern 1 3 4
Density 3 3
Migration 4 3 7
Habitat dependence 1 4 5
Dispersal 1 1
Sociality and sedentariness 1 1
Community composition 1 1
Habitat preference 2 2
Life history
Reproduction cycle 3 2 5
Clutch size 5 4 9
Nesting success 4 2 6
Breeding timing and/or performance 2 1 3
Brood size 2 2 4
Fecundity and adult survival 2 1 3




Reproductive physiology, circadian rhythm and migration 12 12 24
Brain size 1 5 6
Body size and/or mass 5 4 9
Inflammatory response, oxidative stress 1 2 3
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Table 1. Cont.
Trait Studied Number of Studies(<4 Species Studied)
Number of Studies
(>4 Species Studied) Total
Stress physiology 10 1 11
Endocrine traits 1 1
Bill length 2 2
Plumage coloration 1 1 2
Behavioral
Fear and stress responses 17 10 27
Foraging behavior innovation 6 6 12
Innovation, learning and problem-solving ability, Neophobia
and risk assessment 10 5 15
Entire song structure 7 3 10
Song frequency and/or amplitude 16 1 17
Aggression 11 11
Dawn chorus 1 1
Call frequency, amplitude 2 2
Song frequency, bandwidth 2 2
Song syllable 1 1
Song timing 1 1
Genetic
Gene expression 2 2
Genetic changes 1 1 2
Genetic divergence 1 1 2
Total 148 139
Table 2. Bird families represented in the literature studying urbanization induced trait changes. Bird community studies comprise of
global reviews or analysis of global datasets, while individual family studies comprise of local datasets and experimental studies.




58 7 15 29 2 111
Turdidae Thrushes 1 1 8 8 2 20
Passerellidae New world sparrows 1 7 11 19
Paridae Tits 3 11 2 16
Passeridae Old world sparrows 3 5 8
Fringillidae Finches 6 6
Cardinalidae Cardinals 4 4
Corvidae Crows 1 1 1 2 5
Strigidae True owls 3 1 2 6
Zosteropidae White-eyes 4 4
Accipitridae Accipiters 2 4 1 4 11
Mimidae Mimids 2 1 3
Rallidae Rails 3 3
Emberizidae American sparrows 2 2
Muscicapidae Old world flycatchers 2 2
Sturnidae Starlings 2 2
Troglodytidae Wrens 1 1 2
Tyrannidae Tyrants flycatchers 1 1 2
Tytonidae Barn owls 2 1 3
Artamidae Crows 1 1
Columbidae Pigeons and doves 1 1
Corcoracidae Australian mudnesters 1 1
Falconidae Falcons and caracaras 2 3 1 6
Icteridae Songbirds 1 1
Laridae Gulls 1 5 6
Meliphagidae Honeyeaters 1 1
Monarchidae Monarch flycatchers 1 1
Nectariniidae Sunbirds 1 1
Thraupidae Tanagers 1 1
Pandionidae Ospreys 1 1
Haematopodidae Oystercatchers 1 1
Total 71 23 42 109 6 251
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Figure 2. Distribution of research studies on urban bird traits across the world. Studies carried out at state or province level
included multiple cities which were not specified in the publication.
3.1. Ecological Traits
3.1.1. Bird Diversity and Abundance
An overall decrease in diversity from rural to urban areas [25–27] as well as an increase
in abundance of only a small subset of species are some of the most important ecological
effects of urbanization on birds. One study observed a decreased overall abundance
of birds in urban areas [28]. Species richness also shows a decreasing trend with an
increase in urbanization, a pattern observed globally [29,30]. A study encompassing several
cities in Europe observed that urban bird communities also showed lower evolutionary
distinctiveness than rural communities [31]. A global review observed that, despite the
loss of forest dependent or native species in urban areas, the functional diversity remained
the same [32].
The species richness and density of seasonally migrating species also reduces with an
increase in built infrastructure [33,34]. Many birds, such as Eurasian blackbird and house
sparrow, show a loss in migratory behavior, as there are enough food resources available
in urban areas to support them through the winter months. Such a trend may eventually
lead to reduced richness in urban areas [35]. Birds with specific dietary requirements may
also avoid migrating to cities because of a lack of adequate food resources. For example,
insectivorous birds might find difficulty in finding insects in cities, thus reducing their
urban population [35,36]. Studies also speculate the indirect effects of urbanization on
resident vs. migrant bird dynamics. Resident species may occupy good quality nesting
sites in cites before migrants arrive, thus driving migrants away from urban areas by
competitive exclusion [37].
3.1.2. Generalism—Specialism
Specialist species are more likely to be negatively affected by change than general-
ists [38–40]. Devictor et al. [41] found that generalists, which use multiple habitats in
the landscape matrix, are less affected by habitat fragmentation than specialists, which
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are dependent on one or a few habitat types. Generalists should benefit from disturbed
landscapes, as there will be reduction in competition from specialists, who do well in stable
environments and, hence, will be negatively affected by a degradation in landscape [42,43].
Generalist species usually have large niche breadths, lay multiple clutches, and have broad
diets, which makes them more successful in cities [39]. This indicates that, to understand
whether a bird can cope with urbanization, we need to consider the effects of multiple
traits together.
Whether a species is a generalist or a specialist is largely due to the ability of these
birds to adapt to feeding and nesting preferences, as described further below.
3.1.3. Diet Breadth
Diet breadth is one of the most important traits affected by urbanization [44,45]. Bird
species that feed on fruits and grains tend to increase in numbers in urbanized areas as
compared to insectivorous species [37,46,47]. This might be because cities have a substantial
proportion of fruiting trees [48]. Similarly, a review on urban raptors suggested that urban
areas are typically inhabited by raptors that are feeding on forest dwelling birds, due to a
prevalence of large trees in cities, but open-area raptors feeding on grassland species do not
generally inhabit urban areas [49]. Raptors feeding on rodents and scavenging raptors also
show similar foraging, depending on the availability of suitable prey or carrion [50–52].
In many countries, there is a culture of putting out bird feeders, supplementing bird
diets with seeds, nuts, and grains [53]. Granivorous birds benefit from this and, hence, do
well in urbanized areas [27,37]. Callaghan et al. [39] observe that insectivorous and graniv-
orous birds avoid urban areas, a phenomenon that requires further investigation in order
to assess whether it is specific to countries where feeding birds is not a popular activity.
Kark et al. [44] report that, in downtown areas, most of the birds were omnivores,
especially in temperate countries. Similarly, urban bird composition in Santiago, Chile,
predominantly consisted of omnivorous and granivorous species [47]. Omnivorous species,
like Eurasian blackbird, great tit (Parus major), and house sparrow, are commonly studied
in urban avian ecology research (Figure 3). Again, omnivore birds are likely to feed on
food scraps, discarded food items and, thus, seem to be possibly making use of the food
resources that are discarded by humans. Apart from food preferences, urbanization can
negatively affect birds exhibiting solitary feeding behavior [39]. Many birds show subtle
changes in foraging behavior in order to adjust to the novel foraging sites. Ground foraging
and insectivorous birds forage differentially in suburban remnant patches vs. continuous
vegetation [54].
Figure 3. Most commonly studied bird species for urbanization induced trait changes.
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3.1.4. Nesting Sites
The utilization of nesting sites is an important factor determining the success of bird
species [45]. One of the most consistent effects of urbanization is on ground-nesting birds,
whose abundance consistently decreased across most of the studies [16,55]. Small sized
ground nesters are most impacted by urbanization in Australia [56]. Birds that nest on
high trees and in tree cavities have a better chance of survival in cities [37,57]. Studies
speculate that urbanization does not necessarily increase the availability of cavity nesting
sites. However, cavity nesters might be less prone to predation, because of their nesting
habit, hence surviving better in cities [37]. Alternatively, cavity nesting birds might be
using artificial nesting sites, such as nest boxes provided in cities. Cities with good tree
cover will benefit birds that nest on trees, as there will not be a scarcity of nesting sites.
Birds that are more adaptable and use a variety of nesting strategies like making
use of man-made structures, are more likely to do better in urban areas as compared
to birds with specialized nesting preferences [58–60]. Adaptive nesting strategy also
ensures better productivity, as is seen in the urban peregrine Falcon (Falco peregrinus), as
many artificial structures provide better protection against predators or the elements [61].
Consequently, species that are adapted to urban conditions show higher abundance in
urbanized areas [8,59,62]. Other birds, such as open-cup nesters, which require trees and
shrubs to support their nests, are negatively associated with urbanized areas [59].
3.2. Life History Traits
Life history traits, such as clutch size and brood success, have a considerable positive
impact on bird populations in urban areas [37]. Many urban species show an increase in the
clutch size and brood size [63]. The increase in number of eggs and chicks helps these birds
to overcome the losses that occurred during predation or the effects of urbanization such
as mortality caused due to collision with cars or windows [37,61]. Urban birds tend to lay
eggs earlier than their rural counterparts [64–68]. This might be because of the improved
resource availability in cities. There are exceptions; Chamberlain et al. [69] found that, even
though results vary from species to species, most urban bird populations are characterized
by slightly greater annual productivity and lower nestling weight. However, certain species
do not show such a pattern. For example, Marini et al. [70] find that clutch size does not
differ in mountain chickadees (Poecile gambeli) as one moves along the urban-rural gradient
in North America. Similarly, in magpies (Pica pica), a European species, the clutch size does
not vary as one moves across the rural to urban gradient [71]. Brood size and nestlings
per nesting attempt did not show a consistent pattern of differences between urban and
non-urban areas [69]. Some raptor species also fledged fewer offspring in urban areas
when there was a lack of prey or excessive human disturbance [68].
3.3. Physiological Traits
3.3.1. Body Mass, Size, and Plumage Coloration
Birds may produce large broods in urban areas, but the condition (average body size,
morphological features) of offspring is poor, because there is a high chance of survival, even
for the low-quality offspring [72,73]. The change in diet preferences might be associated
with higher survival rates, but poor body condition. Birds have ample resources available
throughout the year in the city, which is perhaps the reason they do not accumulate more
body fat. Another possible reason is that temperatures in cities are higher due to urban
heat island effects; hence, birds have smaller sizes: as theory predicts that as temperatures
drop, body size increases [73]. Adverse ecological effects may also constrain the body
size or condition of offspring [73]. Nestlings in urban habitats are fed less amount of
food, or lower quality food, and they reach a lower body mass [74,75]. However, the
urban area-smaller mass relation is not observed in all urban birds. A study on silver gulls
(Larus novaehollandiae) in Tasmania found that adult male gulls in urban areas had greater
body mass than adult male gulls in rural areas [76]. Perhaps omnivorous species show an
opposite trend in terms of body mass due to the consumption of a wide variety of foods.
54
Land 2021, 10, 92
Liker et al. [75] found that house sparrows were larger in rural areas as compared to
urbanized areas. Sparrows in the Budapest city center were more than 5% lighter than
sparrows at the least urbanized locations, and the leanness of urban birds was detectable,
even when they compared differently urbanized habitats with similar utilization [75,77].
Although the literature on body size and mass of urban birds is comprehensive,
research is only now emerging on changes in plumage coloration in urban birds. A recent
study across three cities in Argentina showed that the amount of built area negatively
affected the color diversity of bird communities. Hence, the bird community in the city
was predominantly composed of grey colored species [78]. Urbanization selects for birds
with similar colors, primarily those matching the surrounding habitat. Because plumage
coloration is an important trait, not only for the reproductive success of birds, but also as a
camouflage to avoid detection, it is important to be studied on a larger spatial scale.
3.3.2. Brain Size
Birds and mammals with relatively larger brain size may be associated with the
ability to invade novel habitats [79,80]. Callaghan et al. [39] hypothesize that birds with
large brain size might be favored in cities and, hence, such birds should be successful
in urban environments. Theory predicts that larger brains might be advantageous to
individuals in dealing with altered environments and it might help in innovative behavior
and learning [81]. Larger brain size implies that individuals might be more able to explore
novel environments and food resources, helping such birds adapt to city life [5]. However,
experimental studies suggest that there is a lot of variation in brain size and success in
urban environments [82,83]. More work is required in order to definitively declare whether
brain size is actually related to success in urban environments.
3.3.3. Stress Response Physiology
Urban birds are exposed to a variety of stressors, like traffic noise [84,85], artificial
light pollution [86,87], uneven food distribution, and chemical pollution [85,88]. Stress
response to such disturbances is indicated by the level of plasma corticosterone hormone
(CORT) secretion [24,84,89–91]. Many studies have revealed changes in the baseline and
induced corticosterone levels in birds in response to urban stresses [85,88–90]. The Eurasian
blackbird female shows an increased corticosterone secretion in response to artificial light
exposure [86], even though Partecke et al. [88] had observed an overall decrease in cor-
ticosterone secretion in urban blackbirds. Urban birds also show reduced corticosterone
secretion in noisy environments when compared to rural populations, as is displayed by
song sparrows (Melospiza melodia) [84] and house wrens (Troglodytes aedon) [85]. Reduced
corticosterone in urban birds is associated with low protein diets [85]. The decrease in
CORT secretion in species that have colonized urban areas for a long time could be due to
habituation to these stressors [84,86,89]. When male song sparrows from different parts of
city were compared for CORT levels, they did not show any difference, which further indi-
cates that these urban song sparrows might be adapted to urban stressors [84]. Bonier [24]
reviewed the various endocrine trait changes in urban birds and found no consistent
pattern in stress hormone change in all urban species. Even within the populations, the
differences fluctuated according to the age and life history stage.
Elevated levels of baseline corticosterone may have a considerable effect on other
behavioral and physiological functions. Brain Arginine Vasotocin immunoreactivity, which
is associated with various functions, like territoriality and social behavior, differs in re-
sponse to changed plasma corticosterone in urban curve-billed thrashers (Toxostoma curvi-
rostre) [92].
3.3.4. Reproductive Physiology
Living in urban areas influences reproduction in birds [24,93–96]. A global analysis of
passerine species found that sexually dichromatic species were less likely to occur in urban
areas [97].
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Urban populations of Abert’s towhees (Melozone aberti) are found to have greater
plasma luteinizing hormone (hereafter plasma LH) than rural populations [67]. This leads
to urban birds developing gonads earlier, starting breeding earlier, and having a prolonged
breeding season than rural birds [64,66,67,98–100]. Having a prolonged breeding season
might help in the production of more broods and, thus, might be an important trait to
have in urban areas to successfully colonize them. Such earlier gonadal development is
also prominent in resident rather than migratory birds, as observed in the males of urban
Eurasian blackbirds [101] and dark-eyed junkos (Junco hyemalis) [101].
Partecke et al. [64] suggest phenotypic plasticity in response to several new conditions,
like artificial lights, in urban areas to be the primary reason for this change. Birds living in
temperate regions are especially dependent on day length and duration of natural light
for their reproductive development [95,98,99]. The presence of artificial light in the city
habitat plays a major role in the earlier growth of gonads in male birds [66,87,98,99,102,103].
However, low levels of artificial light inhibit the secretion of plasma LH in male western
scrub jays (Aphelocoma californica) [91,95]. Apart from artificial light, differential food
availability could also affect the pattern of plasma LH physiology [69,91].
Factors, like the vegetation structure, replacement of native plants by exotic species,
habitat fragmentation, predatory pressure, and food availability, influence the life history
traits of urban birds [69,104]. The reason for lower clutch size in urban compared non-
urban areas could be because of lower availability of high quality or specialized food in
urban areas, especially during chick development [105]. Such deficiency in good quality
food could also lead to increased competition between conspecifics during breeding season,
affecting clutch size [69].
Such changes in reproductive physiology could affect life history traits, like fitness
levels and nesting success of urban birds [98,99]. A prolonged breeding season could also
be favored by urban birds, leading to fewer birds migrating for breeding [64,101].
3.3.5. Immune and Inflammatory Responses, Oxidative Stress Response
Physiological responses to various stressors in cities contribute to oxidative stress in
urban birds [106,107]. Increased oxidative stress exposes birds to different types of diseases
and organ degeneration [107]. A comparative study of blood and liver transcriptomes
for these stress responses revealed that most of the genes for this stress response were
expressed in a higher amount in urban birds [108]. An increase in blood antioxidant levels
helps urban birds to tolerate such stress [106]. Successful urban colonizers use also genetic
and epigenetic mechanisms, DNA methylation, and histone changes to cope with oxidative
stress [107]. Urban Eurasian blackbirds developed lower oxidative stress when compared
to rural populations, indicating an adaptation to high stress levels [109].
Physiological traits also closely influence behavioral traits: hormone secretion is
associated with reproductive behavior, and brain size with innovation.
3.4. Behavioral Traits
3.4.1. Song Structure
One of the major characteristics of urban areas is the increase in low frequency noise
levels, such as from traffic [110,111]. Birds in urban areas are impacted by noise in the low
frequency range, as it carries over longer distances [111,112]. Low frequency anthropogenic
noise tends to mask bird songs, which leads to poor song transmission, and, ultimately,
poor reproductive success. Perhaps one of the most widely documented phenomena in
behavioral trait changes in birds in response to urbanization is the modification of song
and call structure to avoid such masking (Figure 4).
There are thought to be two mechanisms by which birds alter their song structure.
One school of thought suggests that birds sing at higher frequencies in areas with high
anthropogenic noise levels, as shown by studies on several species of song birds across
different continents (e.g., [113–117]). In fact, high frequency songs are one of the selective
forces for species to occupy urban habitats [118]. However, this mechanism might not
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always be effective for reproductive success [119–122]. White-crowned sparrow (Zonotrichia
leucophrys) change song frequency and bandwidth, which leads to a reduction of vocal
performance, which is deleterious for mate attraction and territory defense [120,122].
Figure 4. Proportion of studies in each decade from 1970 to 2020 on different trait changes due to urbanization.
Some birds also increase the amplitude of their songs, a phenomenon called “Lombard
effect”, in order to be heard above the city noises [111,123–126]. Great tits and Eurasian
blackbirds are classic examples exhibiting this phenomenon [111]. Changes in bandwidth,
trill rate, number of song syllables, and time spent singing have been documented in
some birds, for effective song transmission [121,122,127–129]. Urban European robins
(Erithacus rubecula) sing nocturnally in order to avoid song masking [35,110]. The alarm
call structure is also modified due to masking. Urban silvereyes (Zosterops lateralis) had
lower average, maximum, and minimum frequencies than rural birds [130]. Silvereyes also
showed decreased syllable rate in Australia [131].
Apart from traffic noise, reflective structures, vegetation density, ambient temperature,
and temporal changes in noise levels due to human activities also affect song communi-
cation in birds [132,133]. Male house finches (Haemorhous mexicanus) in an urban park in
California sing at higher frequencies in areas with higher pedestrian traffic [134]. In the
case of the great tit, this phenomenon is attributed to either large scale evolutionary or
ontogenetic shift or a local scale song learning from neighboring males [112,113]. Morpho-
logical changes, like change in bill structure, due to differential food type in cities, could
also change song structure [135].
Urban noise and artificial light levels affect the dawn chorus of urban bird popula-
tions [136,137]. Males of four out of five songbird species residing near street lights started
singing earlier in the day. This increased their extra pair copulation success, but led to
females selecting unsuitable mates [138]. Other studies found that more than artificial
light, anthropogenic noise is responsible for temporal shift in the dawn chorus of the study
species [117,136,137].
3.4.2. Boldness and Tolerance to Human Presence
Urban habitats have a constant presence of humans and vehicles, altered refuge
patches, and differential predator composition [139–144]. Flight initiation distance (FID) is
a standard measure for estimating the boldness and tolerance of birds to potential threats
in urban areas [23]. Urban birds are observed to be bolder and more tolerant of human and
vehicular approach, as they exhibit shorter FIDs [145–152].
A shorter FID reduces the cost associated with flight, and it can help birds exploit
novel food sources. Several species of gulls have shown shorter FID in the proximity of
human food sources [153–155]. In a study on 39 urbanized species of birds in Europe, urban
birds had shorter FIDs than rural counterparts. [156]. This study also showed that the urban
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bird community had a larger variance in FID when compared to rural bird communities,
but this variance decreased with increase in time since urbanization. This means that most
of the birds adapted to the threats in urban areas as the time since colonization increased.
Along with FID, urban birds have also adapted to the predation threat of feral animals,
like cats and dogs. Urban Eurasian coots (Fulica atra) portrayed the same amount of
vigilance in the presence of domestic dogs as their natural predators [139].
Behavioral plasticity, which is the inherent ability of an organism to change in response
to external stimuli, is one of the main characteristics exhibited by birds who are capable of
changing their fear responses. This is thought to be an important adaptation to possess in
urban areas. [157–159]. However, it has been argued that habituation induced change is
not the reason for the higher tolerance of humans in urban areas. Those individuals who
already had a bold personality in their natural habitat were able to colonize urban areas,
while others were unsuccessful [82].
3.4.3. Neophobic and Innovative Behavior
Urban areas provide novel types of food resources in the form of artificial feeding
or garbage dumps [153,160–162]. Novel urban food sources also come with new types of
risks in the form of feral cats and dogs [160,163–165]. Not all native birds have the ability
to exploit such sources of food—it seems that bird species with innovative capability and
bold personality have an increased capacity to thrive [152,166–168]. Several species of gulls
exhibit a great ability to exploit human provided food, for example, by adjusting their
foraging time according to peak human activity timing, like school breaks or waste center
opening time [169]. Not just foraging innovation, but certain urban species, like Indian
house crows (Corvus splendens), also show innovative nesting behavior after nesting failure
during breeding season [170].
Successful urban colonization requires a balance between neophilia and neopho-
bia [162]. Urban great tits are more tolerant towards a novel object that is placed near
their feeders than rural individuals [165]. However, two different studies on house spar-
rows in Hungary and mountain chikadees in Reno, USA indicated no reduction in object
neophobia in urban populations [171,172]. Griffin et al. [162], in a review, suggested that
neophilia/neophobia and boldness might be species specific. Corvid species were more
neophobic towards novel objects than non-corvid species [173].
Exposure to pollutants and inferior quality food during chick development might
also affect the ability to exploit novel food sources as well as learning from parents and
conspecifics [162,167]. Research pin pointing the factors influencing the ability to exploit
novel urban resources is required.
The ability to innovate different foraging techniques is crucial for successful urban
colonization by birds [160,168,174]. The rate of innovation seems to be stronger during
early invasion of novel urban areas [5]. The rate of innovativeness also seems to predict
the risk–taking ability of the species [168]. The rate of innovation has also been linked to
brain size in some urban birds, which also assists in successful urban colonization [175].
Innovative foraging also leads to changes in dominance hierarchy, behavioral strategies
that are based on human movement, and introduces new types of competitions [176].
3.4.4. Aggression
Aggressive behavior can be displayed towards competitors [176–179], can be food
related [180], due to exposure to chemical pollutants [181], or during nest defense [182].
Urban great tits were more aggressive towards competitors, but they exhibited inconsistent
reaction towards a simulated competition when compared to their rural counterparts [179].
Urban great tits also showed greater distress behavior when threatened [183]. In
another study on northern mockingbird (Mimus polyglottos), urban birds that were exposed
to higher amounts of lead were more aggressive towards simulated competition [181]. In
Eurasian coot populations residing in the same urban area, older and more established
populations were consistently more territorially aggressive than recently colonized popu-
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lation [184]. Urban sparrowhawks (Accipiter nisus) showed more aggressive nest defense
than rural sparrowhawks [182]. These changes might not be just behavioral adaptations,
but a consequence of micro-evolution over the years in these birds causing changes in the
behavior. However, differences in territorial aggression in urban birds appears to be species
and situation specific. The species that show increased aggressive behavior in urban areas
also generally exhibit bolder personality [155,176].
3.5. Genetic Traits
Although phenotypic trait changes in birds in response to urbanization have been
extensively studied, solid evidence for genetic basis for such phenotypes is limited. Studies
have focused on finding out the genetic modifications behind observed physiological trait
changes like inflammatory and oxidative stress response, morphological trait changes,
like change in wing structure, behavioral changes, like risk assessment, migration and
urban invasion by certain functional groups [107]. The urban populations of great tits in
Europe had elevated gene expression for inflammatory, oxidative stress, and detoxification
responses [185]. Similar results were obtained for urban blue tits (Parus caeruleus) [186].
Urban Eurasian blackbirds have undergone genetic divergence at a locus coding for
risk avoidance [187]. Human induced changes in habitat, along with various stressors,
like the presence of novel predators, traffic noise, and pollutants, have led to accelerated
changes in genotype in urban populations when compared to rural populations, with the
potential to create genetic divergence between urban and non-urban populations [185].
However, an attempt to study the differences in overall genetic composition of Eurasian
blackbirds yielded negative results [188]. This suggests that genetic differences between
urban and rural populations have only occurred in selected genes, based on adaptive
requirements. Urban blackbirds diverged from their rural populations at a single loci
coding for risk avoidance [187]. However, there is still little evidence for urbanization-
induced micro-evolution.
4. Discussion
Some bird traits are beneficial for their survival in cities, while others could be harmful.
This review demonstrates that the impact of urbanization on birds is immense: and yet,
our understanding of it is still poor. It is evident that studying one trait might not give a
complete picture of how urbanization might affect birds or populations, but looking at a
combination of traits would provide more insights.
Behavioral trait changes are dependent on plasticity, individual personalities of the
bird populations, and, at least for a few species, the development of separate cognitive
skills that are specific to urban needs [22,170]. In particular, as our review demonstrates,
behavioral trait changes in urban birds are often a combination of two or more trait changes.
Such correlated changes create behavioral syndromes in urban birds [171]. An example of
such behavioral syndromes is the occurrence of increased aggression in birds with bolder
personalities [176].
The consequences of trait change have not yet been studied in detail, and they require
attention. Urban birds could incur energetic and reproductive costs due to changed
corticosterone levels or increased aggression in urban areas. The ability to establish a
successful breeding population in novel environments also depends on the population size
and selection pressure [22]. Earlier and prolonged breeding seasons could have negative
effects on reproductive health of urban birds, especially females. Therefore, even though,
in the short term, birds might be adapting to urbanization by producing more broods
and laying more eggs, we need to understand whether these birds will be successful at
surviving in cities in the long term. Additionally, it is important to understand the reasons
behind some birds showing a reduction in clutch and brood size in urban areas. Long
term data collection is needed for monitoring the population of birds inhabiting the cities.
Popular citizen science initiatives can help to answer some of these questions.
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In the context of physiological and morphological trait changes, the literature suggests
changes in stress hormone levels and reproductive hormone levels. The reason for the
lack of consistent pattern in the differences in hormone levels in urban and non-urban
populations could be due to the selection of physiologically plastic species in urban areas,
which affects the life-history traits and ultimate density of the populations. This could
mean potential extinction of species that are currently residing in urban areas, but are not
able to adjust their physiology to the novel environment [24]. However, the effect of such
differences in hormone levels on the overall fitness of the bird species that are successful in
changing their endocrine traits has not yet been investigated in detail.
Trait changes in response to urbanization have the potential for creating genetic
divergence between urban and rural populations of a species. The most important trait
change contributing to genetic divergence is the change in reproductive behavior. A
combination of different traits, like singing behavior, timing of reproduction, and nesting
success, play a role in the reproductive pattern of birds. Urban areas modify these traits.
Song birds possess high phenotypic plasticity and they have changed song structure in
response to urban noise. Trait changes, coupled with isolation due to habitat fragmentation
further leads to disconnect between urban and rural populations, leading to differential
trait development in both populations. There is already evidence to suggest changes in
genetic makeup at certain loci in urban and rural populations. Geographical isolation,
coupled with high phenotypic plasticity, has a potential for further genetic divergence in
urban birds. Large scale spatial and temporal studies, investigating such microevolution
due to urbanization, could help in predicting the course of genetic divergence of urban
bird populations in the future. Studying such urbanization induced genetic trait changes
could help not only in conserving biodiversity in cities, but could also help to answer some
of the basic questions in evolutionary ecology and also help in conserving the ecosystem
services in cities [185].
There is a large gap in our knowledge regarding the effects of urbanization on birds in
tropics, despite the fact that tropics support many more bird species and they are growing
rapidly in terms of urbanization [55]. Future research in this area could also differentiate
between introduced species and native species, in order to understand whether the traits
discussed in this review contribute to the success of introduced species.
A lack of information regarding how urbanization will affect avifauna in urban tropics
can be a major impeding factor while designing conservation strategies to protect the
biodiversity in these ever-growing cities. Moreover, a study on southeast Asian cities found
that, the wealthier the cities get, the richer they become in terms of urban greenspaces and
natural aesthetics [189]. This could lead to potential habitat generation in growing cities,
further affecting the bird traits.
Studies have started to emerge on the effect of urbanization on the traits of diurnal and
nocturnal raptors in the last decade. Studies on urban raptors mainly focus on reproductive
success, foraging pattern, and aggression in urban areas. Studies on top predatory bird
species are essential while making management decisions, as these top predators might
be responsible for keeping invasive faunal populations in check. For example, an increase
in rodent populations on islands has led to the extinction of several island dwelling birds
and other fauna [190]. Similar effects might affect bird populations in urban areas if proper
management decisions are not taken at an appropriate time. Further, certain species are
poorly represented in the research. Most of the studies that focus on species specific trait
changes focus only on a few common species, such as great tits, Eurasian blackbirds, and
house sparrows. Behavioral and physiological studies carried out on a couple of species
might skew the literature in concluding effects of urbanization, either positive or negative
and making generalizations. Caution should be taken that there is a lot of inter-species
and intra-species variation and we need more studies looking at a variety of species and a
combination of traits. For example, gulls seem to show extraordinary innovative ability
around humans when compared to other urban birds. There is further scope to generate
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species specific databases in order to understand the effects of urbanization on diverse bird
species and communities.
Urban areas provide a unique habitat in which to study community dynamics of birds.
For example, in urban parks where there is a surge in activity during weekends, community
composition of birds in these parks might be affected [78]. This could be very important, as,
even though these are areas with good green cover, they might not be suitable nesting sites
as park visitors might cause disturbance to nesting birds and might lead to abandoning the
nest. On the other hand, these areas might be good areas to forage for fruits, seeds, and
insects during the weekdays. An interesting hypothesis could be tested, looking at nesting
success in the parks and outside the parks to actually see the effects of disturbance on bird
communities and individual species.
5. Conclusions
The most significant trait changes that we identify have implications for urban avian
diversity conservation, and they can be of use to park managers, citizen science groups,
and urban planners. Omnivorous and cavity nesters have a better success in urban en-
vironments when compared to insectivores and ground nesting birds. Urban planners
and park managers can maintain small patches of land that are enclosed to protect against
common urban predators. such as feral dogs, cats, and rodents, in order to provide ground
nesting birds that are especially endangered with refugia for roosting and nesting. An-
other important suggestion to bird enthusiasts and urban planners would be to include a
variety of food items in bird feeders, as this might help birds with different diets to meet
their nutrition requirements. Studies have shown that frugivores and granivores seem
to do well in cities, as these birds feed on the seeds that are provided by people in bird
feed. There has been evidence that, when artificial food is provided birds expand their
ranges, thus having a positive effect on bird populations [78]. If dried insects and nuts are
included in the food, it might help insectivorous birds in the city. If bigger cavity nests are
provided for birds, like owls and other larger species, then these species might bounce back
in good numbers in the cities. Additionally, maintaining patches of native vegetation in
urban habitats might be a great solution for supporting not only the bird species, but also
insects and small mammal communities that can serve as a prey base to the birds. Along
with patches of native vegetation, it is also crucial to conserve the local water bodies in
cities, as these act as refuges for several migratory birds and local waders [46,191]. In the
Mediterranean, it was observed that the natural waterbodies were key habitat for several
species of owls [192]. Hence, the health of the lakes, ponds, and rivers is crucial for the
survival of many urban species.
Species specific studies and detailed knowledge of local bird populations can greatly
help in effective management measures, as we find substantial, documented variation in
how birds of specific species respond to the pressures of urbanization. We hope for the
long- term monitoring of bird populations while using a combination of detailed scientific
research and citizen science initiatives, as demonstrated in the papers reviewed here, can
help to bridge gaps in knowledge and benefit the future survival of a diverse range of
birds in urban environments. To conclude, using a trait-based approach will be useful for
understanding the impacts of urbanization on bird species. Understanding the role of traits
with an understanding of urban changes will be most useful. In particular, we stress the
need for further research on the traits that influence bird survival in tropical cities, as well
as on individual species. A meta-analyses kind of an approach encompassing multiple
traits together was out of scope for this study, as enough information on each trait is still
not available. Some traits have enough literature, others have hardly a couple of studies.
However, this review could act as a baseline for further research on urban wildlife and
its ecology.
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191. Ferenc, M.; Sedláček, O.; Fuchs, R. How to improve urban greenspace for woodland birds: Site and local-scale determinants of
bird species richness. Urban Ecosyst. 2014, 17, 625–640. [CrossRef]
192. Moreno-Mateos, D.; Rey Benayas, J.M.; Pérez-Camacho, L.; Montaña, E.D.L.; Rebollo, S.; Cayuela, L. Effects of land use on




Integrating Diverse Perspectives for Managing Neighborhood
Trees and Urban Ecosystem Services in Portland, OR (US)




Nascimento, L.; Shandas, V.
Integrating Diverse Perspectives for
Managing Neighborhood Trees and
Urban Ecosystem Services in
Portland, OR (US). Land 2021, 10, 48.
https://doi.org/10.3390/land1001
0048
Received: 30 November 2020
Accepted: 31 December 2020
Published: 7 January 2021
Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional clai-
ms in published maps and institutio-
nal affiliations.
Copyright: © 2021 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://
creativecommons.org/licenses/by/
4.0/).
Nohad A. Toulan School of Urban Studies and Planning, Portland State University, Portland, OR 97201, USA;
vshandas@pdx.edu
* Correspondence: lorena.nascimento@pcc.edu
Abstract: Municipalities worldwide are increasingly recognizing the importance of urban green
spaces to mitigate climate change’s extreme effects and improve residents’ quality of life. Even
with extensive earlier research examining the distribution of tree canopy in cities, we know little
about human perceptions of urban forestry and related ecosystem services. This study aims to
fill this gap by examining the variations in socioeconomic indicators and public perceptions by
asking how neighborhood trees and socioeconomic indicators mediate public perceptions of ecosystem services
availability. Using Portland, Oregon (USA) as our case study, we assessed socioeconomic indicators,
land cover data, and survey responses about public perceptions of neighborhood trees. Based on
over 2500 survey responses, the results indicated a significant correlation among tree canopy, resident
income, and sense of ownership for urban forestry. We further identified the extent to which the
absence of trees amplifies environmental injustices and challenges for engaging communities with
landscape management. The results suggested that Portland residents are aware of tree maintenance
challenges, and the inclusion of cultural ecosystem services can better address existing environmental
injustices. Our assessment of open-ended statements suggested the importance of conducting public
outreach to identify specific priorities for a community-based approach to urban forestry.
Keywords: urban forestry; cultural ecosystem services; public survey; tree maintenance
1. Introduction
By 2050, the United Nations suggests that the world human population will near
10 billion, with most living in urban centers. In the United States (US), eighty percent
of the population already live in urban areas, which corresponds to only 3% of national
land [1]. The fast pace of urbanization and landscape change caused by humans are
the major factors for transforming forests, urban and otherwise [2]. Some have argued
that the transformation of urban landscapes brings an ‘extinction of experience’ with
nature [3], which impacts the well-being, public health and empathy for natural features.
The management of urban areas requires the consideration of multiple land-use possibilities
for conservation of built or natural environments. Roads, buildings, urban renewal, green
infrastructure and new developments compete for limited urban space. This fact requires
municipalities to use strategic approaches to manage urban growth with civic services,
including sewer, roadways and other gray infrastructures. Often with priories of gray
infrastructure, the available locations for tree canopy is reduced and existing tree canopy is
removed—a phenomenon that has been well documented across the US [4,5].
Several scholars have argued that urban tree canopy can be better managed by char-
acterizing ecosystem services, which describes the benefits that trees and other natural
landscape features provide to humans. For urban trees and tree canopy, these are often
described as improvement of air quality, reduction of heat, filtering and infiltration of
stormwater and a host of cultural attributes that improve the overall quality of life for
residents [6,7]. Ecosystem services, in the form of tree canopy, come in three essential
categories: (a) those in parks, schools, open spaces and other natural areas; (b) those on
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private lands, owned by somebody other than a public agency; (c) those on streets and
other public rights-of-way.
Municipal governments generally manage the urban tree canopy through a distributed
model that embeds tree specialists in different public agencies or through a central division
that works with other agencies. Few municipalities, if any, explicitly examine the host
of ecosystem services that constitute the urban forest. We argue that urban ecosystem
services as a management approach can help situate the urban forest within broader and
potentially more inclusive management of natural features. The rationale behind our
approach for ecosystem services lies in these three points: (a) they offer a cost-effective
and functionally-based solution to major challenges facing urban areas, including rising
temperatures, air pollution and flooding; (b) when properly applied, ecosystem services
can support a more equitable distribution of canopy, which is currently highly centered on
wealthy and white communities; (c) the consideration of ecosystem services can improve
human-nature relationships, create a sense of ownership of places and provide stewardship
and community engagement opportunities. Together these functions of urban trees and
forests compel their careful management, though the extent to which communities view or
even understand these ecosystems services remains unclear.
This study examines the role of community perspectives concerning urban canopy
management by assessing the relationship between the quantity of neighborhood tree
canopy, public perceptions of ecosystem services and socioeconomic indicators to support
urban environmental planning. Many studies have found a positive correlation between
tree canopy and residential income [8–10]. However, few examine the extent to which
public opinion about planting priorities, maintenance challenges and the expectations
for urban ecosystem services can be central to decision-making processes. We posit that
engaging the public in myriad and creative ways in urban forestry efforts is increasingly
essential. Planting and maintaining trees can promote a connection between residents
and urban environmental services according to each neighborhood’s needs, regarding
socioeconomic, cultural and historical aspects.
Background
The use of urban ecosystem services (UES) in describing trees and forests is a relatively
new idea [6,7]. Four categories of UES classify the services provided by the maintenance,
preservation and conservation of urban forestry. First, supporting UES contributes to
nutrient cycling and soil formation through tree debris and habitat for decomposers.
Second, provisioning UES for urban foraging of food and natural medicine [11]. Third,
regulating UES, as local climate resilience that prevents urban heat islands [12], air quality
that mitigates respiratory problems [13] and stormwater catchment that controls flood
and water flow [14]. Fourth, cultural UES bring socio-ecological values through self-
actualization, esteem and belonging [7], connection with biodiversity and personalized
ecology [15]. The literature of ecosystem services [16] is gaining popularity, with research
that includes public perception evaluations and how the ecosystem services adjust to reflect
community identity.
UES relies on urban forestry and green infrastructure management, including public
participation in strategic planning to recognize multiple ecological needs in diverse con-
texts. People’s involvement in managing urban forests is often heralded as necessary for
ensuring a just and equitable distribution of ecosystem services. However, communities’
engagement may be mediated by intersectional factors that are often not considered in
planning decisions [7]. For example, older adults and children are more vulnerable to res-
piratory diseases and may be highly sensitive to degraded air quality; black communities
have been historically excluded from desirable green areas [17]; queer identities struggle to
be accepted in heteronormative nature spaces [18]; low-income residents have less canopy
access [8].
Urban forestry scholars have already acknowledged the link between socioeconomic
factors and access to ecosystem services in the municipalities. McPhearson et al. [19] called
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attention to incorporating UES into urban planning since cities globally are rapidly increas-
ing in population. The persistent need for environmental justice and climate resilience
created a framework for using ecosystem services as planning metrics. Wilkerson et al. [7]
developed an urban sociological framework to explain the intersectionality between UES
planning and social demands because the variation of socioeconomic factors impacted the
accessibility to green spaces. Empirical studies that measured urban accessibility based on
socioeconomic indicators found geographic mismatches within vulnerable groups for the
balance (demand/flow ratio) of ecosystem services of climate regulation [12], food supply
and recreation [20].
While these earlier studies call out distributional inequities, we need to establish
programs and policies to ensure that historically underserved communities are at the center
of urban forestry programs. We argue that urban forest planning needs to acknowledge
and incorporate voices from diverse communities when managing distributional equity.
Moreover, we need to find effective and practical approaches for hearing voices from
communities, especially about their perceptions of trees and the factors that mediate the
level of saliency for expanding tree canopy in historically disinvested neighborhoods. Since
the fields of forestry and more recently urban forestry, have been mainly heteronormative,
white and male [18], advancing a call for expanding the participatory process to include
opinions that have not traditionally heard is instrumental to ensuring canopy equity
in cities.
To provide a basis for our argument, we evaluated the presence of trees and public
perceptions of ecosystem services through a community survey in Portland, Oregon (OR),
US. The study aimed to understand what people expect about greening strategies, tree
maintenance and tree planting priorities. We specifically asked, how do neighborhood trees
and socioeconomic indicators mediate the public perceptions of ecosystem services availability? We
addressed this question through integrative analysis, involving a survey, socioeconomic
indicators and spatial analysis of neighborhoods in the study area. Portland has several
advantages for a study of this kind, including an inequitable distribution of trees [10];
historically unserved areas that reflect racist planning policies [21]; and late incorporation
as a city in the United States, leaving with its existing tracts of large trees, even today [22].
At the same time, Portland’s regional culture seems to have an explicit appreciation for
urban forestry, as evidenced by establishing the first Parks Commission in 1900 and
green corridors West of Willamette River planned by the Olmsted Brothers in the early
development of the city services [23].
2. Materials and Methods
2.1. Study Area
Located in the Pacific Northwest region of the United States, Portland bears the earliest
and most preserved forest formations in the country [24]. Once called Silicon Forest [25],
over the past 20 years, Portland attracts people looking for jobs in the tech industry and
individuals seeking outdoor recreation and lifestyles. The physical geography has forest
fragments in hilly areas to reduce the chance of landslides, as illustrated in Figure 1.
Portland’s canopy cover follows geological points of interest, like rivers, wetlands and
elevated formations.
Most of the city’s canopy is west of the Willamette River in the Northwest (NW) and
Southwest (SW) zip code sectors (Figure 1). Portland’s western sectors also contain the most
topographical relief for which trees protect from erosion, landslides and riverbanks [26,27].
Western sectors of the study region had extensive early conservation policies by the Parks
Commission, with the Olmsted Brothers’ support. This landscape architecture firm pro-
moted urban ecology practices, such as green corridors, large urban parks, wildlife habitat
and biodiversity in the early 20th Century [23].
Across the Willamette River, the eastern zip code sectors have flattened surfaces
containing fewer trees than the western sectors. The eastern sectors are North (N), North-
east (NE), Southeast (SE) and East (E). The eastern sectors have a larger proportion of
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industrial and commercial areas and the largest percent of the city’s population [22]. The
Columbia River, the second largest river in the United States [28], surrounds North and
East Portland. The high susceptibility to floods resulted in a 21-mile levee system created
to allow urban development in areas along the Columbia River’s riverbanks. Among the
654,741 people living in Portland [29], at least 25.6% live in the East sector [22], which is
growing fast in terms of ethnic and income diversity. Still, Portland has a history of racist
urban planning, redlining [30,31], gentrification [21,32,33] and late incorporation of eastern
neighborhoods [22] that explains the separation between low-income communities and
canopy abundance.
Land 2021, 10, x FOR PEER REVIEW 4 of 24 
 
Across the Willamette River, the eastern zip code sectors have flattened surfaces con-
taining fewer trees than the western sectors. The eastern sectors are North (N), Northeast 
(NE), Southeast (SE) and East (E). The eastern sectors have a larger proportion of indus-
trial and commercial areas and the largest percent of the city’s population [22]. The Co-
lumbia River, the second l rgest river in the United States [28], surrounds North and East 
Port and. The high su ceptibility to floods resulted n a 21-mile levee system created to 
allow urban evelopment in areas along the Columbia River’s riv rbanks. Among th  
654,741 people living in Portland [29], t least 25.6% live in th  East s ctor [22], which is 
growing fast in terms of ethnic  income diversity. St ll, Portland ha  a history of ra ist 
urban planning, r dlining [30,31], gentrification [21,32,33] and late incorporati n of east-
ern neighborhoods [22] that explains he separation between low-income communiti s 
a d canopy abundance. 
 
Figure 1. Map of Portland, Oregon, USA, with canopy distribution over the six zip code sectors: 
Southwest (SW), Northwest (NW), North (N), Northeast (NE), East (E) and Southeast (SE) City of 
Portland [34]. Oregon Spatial Data Library [35], USGS [36]. 
2.2. Research Design 
We used a cross-sectional research design that applied satellite-derived measure-
ments of the tree canopy cover, demographic analysis and assessments about the public 
perceptions of the urban forest. This study used three parameters that encompassed tree 
canopy measurements from the National Land Cover Database (NLCD), socioeconomic 
indicators from the US Census and a public survey about urban forestry perceptions ap-
plied in Portland. The aim was to assess the extent of the connection between people and 
UES following the level of satisfaction and accessibility to urban tree canopy [9]. By inte-
grating the biophysical with survey responses, we argued that we were better able to de-
scribe how the presence or absence of neighborhood trees mediated differences in the per-
ception of tree maintenance and tree ownership in the study area. Evaluation of public 
Figure 1. Map of Portland, Oregon, USA, with canopy distribution over the six zip code sectors:
Southwest (SW), Northwest (NW), North (N), Northeast (NE), East (E) and Southeast (SE) City of
Portland [34]. Oregon Spatial D ta Library [35], USGS [36].
2.2. Research Design
We used a r - ti l research design that applied satellite-d rived measurements
of he tree canopy cover, d mographic analysis and asses ments about the public per-
ceptions of the urban forest. i t r ara eters that encompa sed tr e
canopy measurements from the National Land Cover Database (NLCD), socioeconomic
indicators from the US Census and a public survey about urban forestry perceptions ap-
plied in Portland. The aim was to a sess the extent of the connection betw en people
and UES following the level of satisfaction and accessibility to urban tree canopy [9]. By
in egrating the biophysical with su vey respons s, we argued that w w r better able to
describe how the presence or absence of neig borhood trees me iated diff re ces in the
perception of tree maintenance and tree ownership in the study area. Evaluation of public
perceptions can offer insights, perhaps a first step, to understand the extent to which urban
forest management can better support communities in the maintenance, ownership and
accessibility to trees among different socioeconomic groups.
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2.2.1. External Datasets for Tree Canopy Cover and Demographic Data
US Census data from 2017 estimates [29] regarding income, race and homeownership
had two specific roles in this study. First, we wanted to note the fidelity of our survey
sample. We compared the values of socioeconomic indicators from the survey and census.
Second, we used census data as the parameters for socioeconomic indicators. The census
data had higher representability and more complex data collection than the demographic
questions from the survey. We aggregated the census data by zip code, following the
delimitation of study areas from the survey.
The canopy cover percentage was obtained from the NLCD with 30 m × 30 m spatial
resolution. The dataset informed the percentage of canopy per pixel [36,37]. On ArcGIS
software, we used the Extract by Mask tool to mask Portland boundaries and the Tabulate
Area tool to measure the canopy area per zip code. Equation (1) calculated the average
canopy percentage by zip code. The shapefiles for zip code and neighborhood boundaries
were from the Portland Maps web library [34]:
Canopy cover (%) = ∑(ZAi × Ci)/area (1)
where ZA is the zip code area per canopy percentage, C is the percentage of tree canopy
per pixel and area is the total zip code area.
2.2.2. Survey Data for Public Perceptions of Urban Forestry
To explore the public perceptions of UES, we used the results of an online public
survey conducted between May and July of 2017. Portland is known for the neighborhood
bonding and strong connection that residents have with their vicinities [25]. Therefore, we
used zip codes as the determinant scale and the unit of analysis. A total of 26 zip codes
were large enough to have representative samples to assess patterns of responses and small
enough to provide variations in our sample. We excluded zip codes from neighborhoods
with less than fifteen answers for a better variability of answers and representation.
The survey had 26 questions that explored the views of Portlanders about the quality
of the local urban forest, strategies for planting programs, possibilities for tree maintenance
and a socioeconomic questionnaire [38]. For this study, we combined 12 relevant questions
that addressed: (a) the sense of ownership of trees; (b) the sense of maintenance for trees in
public spaces; (c) the perception of UES on strategies to increase urban forestry; (d) and
socioeconomic indicators (Appendix A).
The first six questions of our study encompassed the perceptions of tree ownership and
maintenance [Appendix A—Questions 1–6]. Three questions about tree ownership asked
the participants about: (1) the importance of trees; (2) the satisfaction with the number
of trees and (3) the satisfaction with trees’ health [Appendix A, Questions 1–3]. Three
questions about tree maintenance inquired about (1) the maintenance of existing trees in the
right-of-way; (2) maintenance of trees in the right-of-way in low-income communities and
(3) planting new trees in the right-of-way [Appendix A, questions 4–6]. The participants
used a Likert scale ranging between 1 and 5 to inform how much they agree or disagree
with the six sentences related to tree ownership and tree maintenance. Table 1 shows the
range of Likert scale values, tree ownership and maintenance questions and multi-metric
evaluation.
Instead of analyzing the six questions separately, we created two multi-metric in-
dexes: Tree Ownership Satisfaction Index (TOSI) and Tree Maintenance Satisfaction Index
(TMSI). TOSI combined the three questions about tree ownership and TMSI the three ques-
tions about tree maintenance. TOSI and TMSI also used a Likert scale and we calculated
them by finding the average values of the three questions of each index, as displayed in
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One open-ended question asked the participants about municipality strategies to
increase tree canopy [Appendix A, question 7]. After observing the responses, we coded
repetitive values from the answers and created a typology based on UES and management
challenges. Table 2 shows the coded values that translated the public concerns about
ecosystem services, tree maintenance and financial concerns.
The last survey question about urban forestry asked if participants had trees on their
property [Appendix A, question 8]. We measured the answers per zip code, informing the
percentage of participants that had trees on their yards.
Four questions explored the socioeconomic characteristics of the participants [Appendix A,
Questions 9–12]. We asked questions about the participants’ race, income and zip code for
the socioeconomic indicators. These indicators were traditional demographic parameters in
other urban forestry and ecosystem services studies [8,10,12]. We also asked about housing
ownership, as house tenure is an indicator of membership and active participation in urban
environmental planning [41]. We compared the survey data’s socioeconomic indicators to
the census data to reinforce the survey sample’s validity.




















Climate Support microclimate, provide shade, mitigate urban heat island
Air Quality Promote clear air, mitigate pollution on transit corridors and industrial areas
Water flow Encourage tree planting in water facilities, acknowledge that trees consume water andsupport maintenance of groundwater
Water purification Improve watersheds and riparian areas, industries that pollute water shouldcontribute to tree maintenance
Erosion Awareness that trees prevent landslides risks
Natural Disaster Regulation Flood prevention, stormwater mitigation in green infrastructures, reduction ofimpervious surfaces
Pollination Support bees and pollination
Pest and disease Physical and mental health, elders benefit from trees, industries that use pesticidesshould contribute to tree maintenance
Waste
Pollution mitigation, energy savings, households with trees should have a discount on
sewage bills, companies with more waste generation should contribute to
tree maintenance










Recreation and tourism Recreation and relaxation, preference for trees over recreation facilities,canopy attracts tourists to the city
Aesthetics and inspiration Inspiration, beautification, common appreciation for trees
Knowledge Systems Educate people on how to plant and maintain trees, partnership with educationinstitutions, job creation, encourage workshops about the importance of trees
Religious and spiritual Biophilia, spirituality, partnership with religious groups
Cultural heritage Cultural values of trees, community bonding, civic engagement, diversity of culturesand their interpretation of trees












Financial solutions Tree giveaways, public/private/nonprofit partnerships, volunteers to reduce budgetcosts, use of taxes/donations/fundraisers resources
Financial burden Tree permit taxes, maintenance costs, other civic priorities over trees
High maintenance
Right tree/right place, water and pruning care, public utilities, sidewalk maintenance,
planning for climate change, regulations for trees in developed areas,
tree maintenance strategies
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2.2.3. Survey Data for Public Perceptions of Urban Forestry
To integrate the analysis from the NLCD tree canopy, census and survey datasets,
we developed a conceptual model that described the analytical steps for addressing our
research aims (Figure 2). The conceptual model contained, at its core, the research question:
How do neighborhood trees and socioeconomic indicators mediate the public perceptions of available
ecosystem services? The conceptual model also integrated the datasets vis-a-vie specific
questions that reference each of the three datasets we employed:
1. Census data and socioeconomic survey questions: Does the variation of socioeco-
nomic indicators in the survey provide a good representation of the census data?
2. Census data and tree canopy data: Is there a relationship between socioeconomic
indicators and tree canopy?
3. Tree canopy data and urban forestry survey questions: Does the presence of trees
influence the public perceptions of urban ecosystem services?
Figure 2. Flowchart with the research questions and research design.
To answer the first two questions, we performed the Pearson correlation test between
the socioeconomic survey questions and Census data and between tree canopy data and
Census data, as the variables were parametric. To answer the third question, we performed
the Spearman correlation test between the tree canopy data and the survey urban forestry
questions, as the variables were nonparametric. For both Pearson and Spearman correla-
tion we considered the results that were significant with p < 0.05. For the urban forestry
questions in the survey that used a Likert scale (Table 1), we performed Cronbach’s alpha,
which is a reliability test for the internal consistency of scaled questions and their vari-
ance. All statistical tests were performed with SPSS software v.26. Using the open-ended
responses, we created a UES typology table (Table 2), which also served as additional data
for evaluating and corroborating the statistical analysis.
3. Results
The survey for public perceptions of urban forestry and UES had 2548 valid answers
from 26 zip codes within Portland. The survey responses ranged between 15 and 249 an-
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swers per zip code [Appendix B, Figure A1; Appendix B, Table A1]. As a voluntary online
survey distributed in community engagement platforms (municipal listserv, Nextdoor,
social media channels, focus groups, public meetings), there was a high chance that the
participants had previous interests in urban forestry and city planning. We obtained
completed answers and discarded those who did not complete the survey.
In the following subsections, we will answer the specific research questions regarding
the correlation between the variables of census data, survey data and tree canopy data.
In the last subsection, we will summarize the core question “how do neighborhood trees and
socioeconomic indicators mediate the public perceptions of ecosystem services availability?” using
the open-ended statements and their associations with the statistical findings.
3.1. Does the Variation of Socioeconomics in the Survey Provide a Good Representation of the
Census Data?
To answer this question, we compared the census data and survey’s socioeconomic
indicators, which were both collected in 2017 (Table 3). The correlation between survey
answers and the number of households per zip code was moderately strong (R = 0.554)
and significant (p < 0.01). This result suggested that the number of respondents reflects the
total population size within the zip codes.
We found strong Pearson correlation values between the census and the survey for
the variables of house ownership (R = 0.796; p < 0.01) and income (R = 0.922; p < 0.01).
The percentage of house ownership was higher among the survey respondents (82.09%)
than the values indicated by the census data (51.54%). We believed that our survey
targeted participants aware of the local public budget [39], as property owners have more
responsibility with taxes that support tree maintenance.
For the race variable, both data from the census and the survey showed that Portland
has a majority white population in all zip codes. Due to this fact, we labeled all non-white
races as people of color. People of color (POC) is a term commonly used in the US to
describe a population that is not white. The correlation values between the census and
survey data for the POC variable was moderate (R = 0.402, p < 0.05). The percentage
between POC in the census (22.22%) and survey (23.29%) had similar values.
Overall, the results suggest that for the specific characteristics the survey contained
a representative sample for the city as a whole, which provides support to address the
remaining questions. Our survey had a consistent representation with the Census data,
with significant values for population size, race, income and house ownership.
Table 3. Pearson correlation values between socioeconomic indicators from the survey and census.
Variable Mean Value Per Zip Code Pearson Correlation
Surveys (N) 98 ± 66
0.554 **Households (N) 11318 ± 5076
Housing ownership census (%) 51.54 ± 15.20
0.796 **Housing ownership survey (%) 82.09 ± 12.87
People of color census (%) 22.22 ± 8.56
0.402 *People of color survey (%) 23.19 ± 7.26
Mean income census (US $) 87,813.04 ± 28,397.40
0.922 **Mean income survey (US $) 93,319.65 ± 20,275.61
* Level of significance = 0.05; ** level of significance = 0.01.
3.2. Is There a Relationship between Tree Canopy and Socioeconomic Indicators?
Earlier research from several studies across the United States [6–8] and Portland [36]
suggested that historically underserved communities are less likely to have immediate
access to tree canopy. In contrast, white and wealthier populations have greater access,
partly due to historical policies that segregated neighborhoods [38]. This study was no
exception and corroborated previous findings. Using Equation (1), we observed that zip
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codes in NW and SW had higher tree canopy than zip codes in the eastern sectors (E, N, NE,
SE) of the Willamette River. NW and SW had respectively 42.5% and 37% of canopy cover
and $125,739 and $100,696 of household incomes (Table 4). East had the lowest income
($57,104) and 12.4% of average canopy. The values of household income were obtained
from the census data.
Table 4. Average tree canopy and income within the zip codes sectors in the study area.
Variables E N NE NW SE SW
Canopy 12.39% 7.80% 7.30% 42.45% 10.24% 37.02%
Income $57,104 $86,824 $95,714 $125,739 $93,200 $100,696
Pearson correlation values between tree canopy and census socioeconomic indicators
for income, race and house ownership (Table 5). The strongest correlation across all
the sociodemographic was between tree canopy and income (R = 0.625, p < 0.01). This
result supported the findings observed in Figure 1 and Table 4, with a high percentage
of canopy cover in affluent neighborhoods of West Portland, suggesting that people with
higher income in Portland have more access to the urban tree canopy. The results for
the correlation between tree canopy with house ownership (R = 0.206; p > 0.3) and race
(R = −0.186; p > 0.3) did not have significant values. As such, we conclude that income is
the only significant (and positively correlated) variable in relation to the amount of tree
canopy for the study area, as found in other urban forestry studies that used Portland as a
case study [10,38,42].
Table 5. Pearson correlation values between tree canopy and census socioeconomic indicators.
Correlation Variables Pearson Correlation
Tree Canopy and Income 0.625 **
Tree Canopy and Race −0.186
Tree Canopy and House ownership 0.206
** Level of significance = 0.01.
3.3. Does the Presence of Trees Influence the Public Perception of UES?
3.3.1. TOSI and TMSI Indicators
We combined three questions to build the TOSI, regarding: (1) the satisfaction with the
number of trees; (2) the good condition of trees and (3) the importance of trees. The TMSI
combined three questions about: (4) the maintenance of street trees; (5) the maintenance
of trees in low-income communities and (6) the planting of new trees. Table 6 shows
Cronbach’s alpha results for the questions that encompassed the indexes.
While the Cronbach’s alpha value of 0.490 can increase to 0.612 by removing Question 2
of the TOSI and TMSI multi-metric, we maintained the question because only 78.63% of
respondents addressed all six questions, while 8.70% respondents answered five questions,
6.98% answered four questions, 5.61% answered three questions and 0.08% answered two
questions. While multi-metric methods (ecosystem services coding, Likert scale, TOSI,
TMSI) are reduced by including additional questions, some of which may not be addressed,
doing so also increases the diversity and reliability of responses. In addition, surveys about
public perceptions of urban forestry are relatively limited and the development of such
metrics and observations, we expect, can contribute to further comparative studies.
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Table 6. Cronbach’s alpha for the Likert scale questions of survey.
Total Statistics Cronbach’s Alpha = 0.490 Item Statistics
Questions Mean Std. Deviation Cronbach’s Alpha IfItem Deleted
Q1: “Portland’s trees are important to me” 4.81 0.49 0.502
Q2: “My neighborhood has enough trees” 3.07 1.26 0.612
Q3: “The trees in my neighborhood are in good condition and healthy” 3.39 0.91 0.505
Q4: “The city should maintain all trees along the street” 3.70 1.23 0.287
Q5: “The city should prioritize maintenance of trees along the street in
low-income communities” 3.98 1.2 0.287
Q6: “The city should plant trees in all available spaces along the street” 3.61 1.32 0.340
The variation of TOSI and TMSI answers are presented in a Likert scale across a
series of maps (Figure 3). The Likert scale ranged from 1 to 5, where 1 represents strongly
disagree and 5 represented strongly agree. The TOSI and TMSI were the three questions’
[Appendix A, Questions 1–6] average values combined on the respective indexes.
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In the questions associated with TOSI and TMSI, most of the answers per zip code
were higher than 3 on the Likert scale, except for satisfaction with neighborhood trees. The
eastern zip codes had lower satisfaction with the number of trees than the western zip
codes. In the question about tree health, the western zip codes had a higher rate on the
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Likert scale. A zip code in NW, a high-income and high canopy part of the study area,
scored the lowest value for trees’ importance.
3.3.2. Public Perceptions of Urban Ecosystem Services
The results indicated that most of the participants had trees on their private property.
The average percentage of participants that informed having trees on their yard was
94.2%. The lowest rate of private property trees was 75.8%, in the zip code 97209, an
urban renewal area (redevelopment of industrial and low-income areas in inner-city) in
Northwest Portland [31].
The last question about urban forestry perceptions was open-ended and we coded
the answers using UES typology (Table 7). According to the coded answers, the strategies
recommended a focus on urban forestry management (56.1%), cultural ecosystem services
(31.5%) and regulating and provision services (12.4%).
Table 7. Public perceptions of relevant strategies to increase urban tree canopy.
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Within the management challenges, 33.6% of the answers suggested financial solu-
tions. The answers recommended the municipality to seek partnerships with volunteer
associations, donation of seedlings and financial support for homeowners and renters, such
as tax and water/sewage bill discounts. The second most mentioned typology was the
maintenance of trees, with 18% of answers showing that respondents were aware of tree
health and upkeep’s essential requirements. The participants informed that proper tree
pruning, tree species selection, tree debris removal and regulation for trees in developed
areas were their top priorities.
Among the UES, knowledge systems and cultural heritage were the most significant
concerns, holding 11% and 9.6% of the answers, respectively. Knowledge systems asso-
ciated with urban forestry solutions that educate the population on how to take care of
trees. Connection with teaching opportunities through schools and training programs can
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prepare present and future generations to maintain trees and understand urban ecology
interactions. Awareness of cultural heritage indicated the respondents’ related urban
forestry to community development, community engagement and neighborhood pride.
The open-ended answers recommended tree planting events to promote activities that bring
interaction among neighbors to praise trees’ values for multiple cultures and ethnicities.
As most of the answers indicated strategies using financial solutions and tree main-
tenance, we conducted a separate analysis only with the UES typology. Excluding the
management challenges (Table 7), knowledge systems and cultural heritages lead the
answers with 25.1% and 21.8% of the responses, respectively. Natural heritage was the
third most important, with 15.5% of answers. Natural heritage responses concerned the
loss of mature trees, biodiversity and wildlife habitat. The respondents commented that
small trees could take longer to provide the ecosystem services promoted by centenary
trees susceptible to removal for new developments or infrastructure challenges.
The final analysis described the Spearman correlation between survey answers and
the percentage of tree canopy per zip code (Table 8). The variables that had the strongest
positive correlation with tree canopy were satisfaction with neighborhood trees (R = 0.767),
satisfaction with tree health (R = 0.704), TOSI (R = 0.758) in a 0.01 significance level and
aesthetics and inspiration (R = 0.453) in a 0.05 significance level. Though these are general
findings, we note that these levels of significance and strength of the relationship varied by
zip code.
Table 8. Correlation between tree canopy and survey answers about public perceptions of urban forestry.
Public Perceptions Spearman Correlation (R) Public Perceptions Spearman Correlation (R)
Climate −0.136 Natural heritage −0.191
Air quality 0.226 Financial Solution 0.039
Water flow 0.009 Financial Burden −0.235
Water purification 0.194 High Maintenance −0.162
Erosion 0.289 Food −0.231
Natural hazard 0.034 Trees on property 0.048
Pollination −0.233 Neighborhood trees 0.767 **
Pest and disease 0.078 Tree health 0.704 **
Waste 0.158 Importance of trees −0.289
Recreation and tourism −0.037 TOSI 0.758 **
Aesthetics and inspiration 0.453 * Street trees 0.241
Knowledge 0.227 Trees in low income areas −0.27
Religious and spiritual values −0.149 Plant street trees −0.104
Cultural heritage −0.009 TMSI 0.005
* Level of significance = 0.05; ** Level of significance = 0.01.
3.4. How Do Neighborhood Trees and Socioeconomic Indicators Mediate the Public Perceptions of
Ecosystem Services Availability?
Seven out of eight zip codes in Portland’s western sectors had a canopy rate higher
than the eastern sectors. The justification for the uneven distribution is associated with
the early conservation practices of urban forestry in the western zip code sectors [23], the
hilly geological formation [26,27] and the higher income [8]. Tree canopy had a significant
positive relationship to TOSI indicators and cultural UES of aesthetics and inspiration
(Table 8). However, the excessive canopy does not please everyone, as expressed in the
following statements from participants living in high canopy areas:
Too many trees already. While they have benefits, the trees need to be healthy
and co-exist safely with residents. This requires regular, vigilant maintenance,
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which a lot of people (...) fail to do. We’ve repeatedly witnessed the tragedy of
human deaths and property destructions, especially this last winter. Even one
death is too many! We need to take better care of the existing trees before we
consider adding more. (97221—Southwest)
I don’t necessarily think the city should plant more trees. While the trees here
certainly help relieve heat we need to be mindful of how little sun we get here
(in Portland rainy weather). I think the city needs to maintain a balance between
densely wooded areas (e.g., Forest Park) and highly exposed areas (e.g., central
eastside). I think students and volunteers could plant lots of trees. (97221—
Southwest)
(...) determine the most aesthetic and functional places to plant trees and then
only plant trees that make logical sense for the conditions present in the chosen
locations. (97210—Northwest)
I think the city should plant fruit and nut trees when they plant trees. They grow
just as easy as any other tree. Most have beautiful flowers and foliage. And better
yet they make healthy snacks especially in low income neighborhoods and food
deserts. (97236—East)
(...) I can’t see cars coming at intersections because there are too many trees
already in my neighborhood. There is a near miss almost every day at my house
because people can’t see the cars coming. (97212—Northeast)
East of the Willamette River, five zip codes stood out with more than 10% of canopy
cover. The zip code 97236 had 23.5% canopy cover in the Pleasant Valley area, an early
incorporated neighborhood near an affluent suburb, Happy Valley. This zip code area
also bears Powell Butte Natural Area, a remaining forest fragment. 97212 had 17% of
tree coverage and the fourth largest average income citywide. 97202 had 13.8% of canopy
cover and a protected riparian zone in the eastbound of Willamette River. 97215 had
13% of canopy cover and a preserved forest fragment on Mount Tabor Park. 97266 had
12.4% of tree coverage and was the third-lowest income zip code. However, it bears a
forest fragment on Kelly Butte Natural Area. These findings showed that tree canopy
follows income and geological formation features, such as riverbanks, forest fragments and
hilly areas.
In low-income communities, trees’ maintenance is observed as a financial burden,
which can be classified as an ecosystem disservice [43]. Two zip codes from the East sector
answered that 8.3% and 7.7% of the increasing tree canopy strategies have financial burden
as a management challenge. The average answer mentions for financial burden was 4.5%
per zip code. Seven out of eleven neighborhoods with answers above average are in the
East, the sector with the lowest income and low canopy (Table 4). The following statements
extracted from the open-ended question about strategies for increase tree canopy reflect
the concerns for financial burden within residents of low-income neighborhoods:
“Offer to plant them (trees), offer low income solutions to families” (97233—East)
(...) lots of trees (are) in bad places and they die so better planning would do
just fine and offering classes for ppl (people) who want to learn how to maintain
the trees better and if they have it why does low income not have access to the
classes and knowledge of them? (97233—East)
Don’t charge for leaf cleanup. Offer a small tax credit for trees planted and
maintained to property owner(s). Education regarding the importance of trees
for everyone. Offer education to grow trees in a pot. Then everyone can grow a
tree. (97220—East)
(...) more financial and volunteer support to groups like that (street tree planting
nonprofit). Also when Portland had the ice storm this past winter, many residen-
tial trees came down. (...) people could bring downed trees and branches, maybe
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even for a donation. Free mulch for the city and donations! Tree culture need(s)
to be supported in more ways than just plantings (...) to make owning trees easy.
(97220—East)
I’m sure a lot of people are scared away from that program (street tree planting
program) due to the need to care for the tree and the possible damage to sidewalks
that they will eventually be forced to repair at their expense later on down the
line. (97220—East)
The answers for increasing canopy strategies also indicated concerns for other UES,
such as climate change, knowledge systems, natural heritage and cultural heritage. Exclud-
ing the answers about management challenges, responses about regulating and provision-
ing UES represented 28% and cultural UES accounted for 72% of answers. We believed that
people highly value cultural benefits from trees in urban areas due to the “extinction of
experience” [3]. Within cultural ecosystem services, we distinguished patterns in responses
that seek environmental education, multiple ethnic values for forest biodiversity and con-
servation of heritage trees. The answers associated with knowledge systems indicated that
besides incentives for tree planting, people also need to know how to care for trees and
their importance regarding ecosystem services. Public surveys assessing urban forestry
and management of UES have suggested the enforcement of knowledge systems [44].
As observed in the previous statements, the survey participants repetitively suggested
partnerships with education institutions, urban forestry jobs, internships and free work-
shops. The responses indicated that the residents expect more personal accountability for
ownership if they have access to knowledge, tools and technical support from municipality
and nonprofits.
In answers that mentioned cultural heritage, people requested more planting events
to bond with neighbors and create a sense of community. The participants asked for
multilingual tree support, public participation in urban forestry planning and access to
trees with ethnic values regarding inclusion and diversity measures. Natural heritage
answers indicate the population’s willingness to perpetuate biodiversity, urban ecology
and centenary trees. Together, cultural and natural heritage are UES that reflect landscape
interpretations, which are individual perspectives of the environment based on personal
background, memories, experiences and expectations. In general, environmental plan-
ning bears management tools that can perpetuate systemic racism by restricting access to
ecosystem services based on socioeconomic values, reducing maintenance costs in areas
with low-income and people of color and not acknowledging the diversity of behaviors in
public space [45,46]. Surveys, interviews and focus groups can collect ideas, perspectives
and expectations from historically unheard voices and open a path for public participation
in urban forestry planning.
Portland had a complex history of gentrification that burdened the black community
with displacement, loss of sense of spatial identity and identity representation [21]. The
increase in population promoted real estate development for housing, business and other
civic infrastructures. In Portland, there is an inverse relationship between canopy cover
and urban development indicators, as water pipers [10]. The survey answers indicated
that people are aware that new developments threaten trees, impacting their maintenance
and natural heritage. The following statements are from the zip codes with lower housing
ownership [Appendix B, Table A1] and most gentrified areas [32]:
“Yes, we need many more trees but (...) focus on protecting the most mature trees
as they have been shown to provide the greatest benefits.” (97227—North)
Demolition review to ensure maintenance of entire tree canopy as development
can remove existing trees. The accelerated development in Portland has not
been counterbalanced with a comprehensive plan to prevent tree removal and
plant new trees. It has greatly reduced potential green spaces which could offset
somewhat the unbridled concrete development. (97232—Northeast)
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Trees are natural green infrastructures that support stormwater catchment, avoid
erosion and improve air quality. Other forms of green infrastructure such as rain gardens,
green roofs, artificial wetlands and parks can bring green gentrification—a gentrification
process caused by the implementation of green infrastructures. The following Discussion
section will explore how the results are associated with environmental justice and landscape
management.
4. Discussion and Conclusions
This study aimed to address questions about the relationship between the existing
amounts of neighborhood tree canopy with sociodemographic data and community per-
spectives. One of the explicit goals of the present study was to understand the relationship
between tree ownership, maintenance and the amount of tree canopy. We found that zip
codes with higher tree canopy were consistent with greater sense of ownership and quality
of trees, as measured by the TOSI. Specifically, the two TOSI questions about the number of
trees and the good condition of trees had a strong correlation and high significance values
with tree canopy. This finding is consistent with a low Cronbach’s alpha, suggesting that
this metric can be explored further, perhaps in a different setting.
Our findings also indicate that a sense of ownership comprises the importance and
satisfaction with the quantity and the quality of trees in the neighborhood, including trees
in private property, public spaces and the right-of-way. Affluent zip codes had higher
canopy cover had a higher correlation with public maintenance of street trees, as measured
by the TMSI. While earlier research suggests that tree canopy and income are correlated in
the U.S. [8–10], the perception of tree ownership is a new concept that brings accountability
of ownership and maintenance in relation to urban ecosystem services. We observed a
lower correlation between the tree canopy and TMSI than with TOSI (Table 8). TMSI also
presented a lower range of mean values on the Likert scale response (Table 6), suggesting
a common concern about tree care citywide (Figure 3). In the question about increasing
tree canopy strategies, the responses about tree maintenance represented about 18% of the
answers (Table 7).
Perhaps one of the most germane findings in our study is the fact that while a canon of
literature describes the importance of trees in providing UES (e.g., pollination, air quality,
climate regulation, etc.), our survey findings indicate that issues about management and
cultural ecosystems services feature prominently among the respondents. This finding,
while perhaps mundane, is significant for several reasons, including the fact that respon-
dents seem to recognize the financial burden and maintenance when considering trees. If
this finding is consistent across the city, then municipal goals for expanding tree canopy
will face formidable obstacles if they present trees an important for traditional regulating
ecosystem services. Rather, recognizing that communities are considering, perhaps less
these regulatory services, than those surrounding maintenance and financing, may provide
more effective.
Suitable messaging may not be the only implication of this finding. If aesthetics,
inspiration and level of ownership are correlated with the amount of neighborhood tree
canopy (Table 8), then attempts to create distributional equity will require considerable
recognition of the maintenance costs involved. Maintenance often includes the planting
appropriate species, pruning of trees, watering and a host of other monitoring to ensure
healthy growth. Responses indicated the importance of maintenance and also suggested
that municipalities provide support to those communities how may not have the financial
resources to address maintenance concerns. Currently the City of Portland requires adjacent
property owners to maintain all public trees, which increases the level of inequity already
experienced by lower income communities. Perhaps the positive and significant correlation
between income and presence of tree canopy is because lower income community may
not prefer trees due to the cost of maintenance, which the open-ended responses indicated.
The development of trees in the right-of-way interacts with other infrastructure, such as
sidewalks, residences and transit features. Studies that observe the growth and health of
84
Land 2021, 10, 48
street trees [47], suggest regular monitoring and maintenance such as root pruning and
interaction with underground infrastructures [48–50] which can help to ensure a healthy
and robust tree canopy.
While these findings offer a first step towards integrating community perspectives into
urban forest management, the findings suggest the importance of engaging communities
in the management of tree canopy. The open-ended results suggested that respondents
genuinely understand the challenges facing urban forest management and the importance
of finding systematic ways to maintain canopy and provide equitable access to all residents.
Our findings indicate, for example, that promoting financial solutions that optimize public
and private budgets toward urban forestry and cultural heritage practices that engage the
community in participatory planning and empowerment are the priority strategies for
increasing tree canopy. With the multiple goals for achieving environmental equity through
urban forestry, these strategies must also include raising awareness about the inequitable
distribution of existing tree canopy, planting more trees in vulnerable communities, ex-
ploring diverse perspectives about climate resilience and exploring the role of trees among
historically marginalized communities [46].
This study offers a means for understanding the importance of ownership and main-
tenance in addressing urban ecosystem services. While our survey can help to underscore
some of these priorities, we recognize that engaging communities about urban forestry may
pose several challenges. If employed effectively, other data collection methods, including
listening sessions, focus groups and interviews, can help to contextualize urban forestry
within the broader set of community needs that may be priorities. The COVID-19 pandemic
has made clear that priorities such has housing, food and medical care are often front-and-
center among POC and lower income communities, which may pose several challenges for
discussions about urban forestry. Since POC and low-income neighborhoods have been
excluded from planning for a healthy and abundant urban forest [8], a pattern that may be
associated to redlining practices in the U.S. [51] perhaps the built and natural environment
in neighborhoods can be a direct means for understanding other pressing priorities. By
engaging historically disinvested communities and address distributional injustices that
have created current inequities in the distribution of tree canopy cover, municipal agencies
may find creative solutions that ‘multi-solve’ the myriad pressing challenges.
Our study found that survey respondents seeks more measures and strategies to
address cultural UES, such as cultural heritage, natural heritage, aesthetics and inspiration.
The gap of systematic descriptions for these cultural UES within municipal plans may re-
quire greater levels of public involvement, which would build on diverse perspectives [46].
While government agencies are often responsible for the management of public spaces,
the same agencies may not be trusted allies with communities that have been historically
disinvested. As such, management options that engage community-based organization
(CBOs) may be a more trusted and effective approach for soliciting plausible solutions.
Such CBOs can work with community members to explore their expectations for land use,
tree canopy, species selection, planting events, tree giveaways and volunteer workforce.
Examples of such cross-sectoral urban forestry management are emerging. In Toronto,
CBOs had a more diverse species list than municipal agencies, landscape architects and
nurseries [52]. In Detroit, interviews with CBO staff and recipients of giveaway trees
informed that the ability to choose the tree species is a fact that impacts the willingness of
residents to care for private trees, as well as live in areas with lower canopy. In both cases,
studies have found that the major challenges are concerns with maintenance practices
and costs, such as pruning, sidewalk damages and tree debris removal [53]. Both studies
suggested stewardships for a functioning and healthy urban forestry, where CBOs would
have the goal to promote understanding, while supporting cultural ecosystem services.
Author Contributions: L.A.C.N. have performed the analysis and wrote the manuscript. V.S. have
collected the survey data, coordinated the researched, and reviewed the manuscript. Both authors
have read and agreed to the published version of the manuscript.
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Appendix A
Survey:
Tree Ownership Satisfaction Index (TOSI):
Q1 Portland’s trees are important to me. Strongly Agree/Agree/Don’t Know/Disagree
/Strongly Disagree.
Q2 My neighborhood has enough trees: Strongly Agree/Agree/Don’t Know/Disagree/
Strongly Disagree.
Q3 The trees in my neighborhood are in good condition and healthy. Strongly
Agree/Agree/Don’t Know/Disagree/Strongly Disagree.
Tree maintenance Satisfaction Index (TMSI).
Q4 The city should maintain all trees along the street (in the public right-of-way, next
to the sidewalk area): Strongly Agree/Agree/Don’t Know/Disagree/Strongly Disagree.
Q5 The city should prioritize maintenance of trees along the street (in the public right-of-
way, next to the sidewalk area) in low-income communities: Strongly Agree/Agree/Don’t
Know/Disagree/Strongly Disagree.
Q6 The city should plant trees in all available spaces along the street (in the public right-
of-way, next to the sidewalk area): Strongly Agree/Agree/Don’t Know/Disagree/Strongly
Disagree.
Strategies for increase tree canopy:
Q7 How do you think the city should get more trees planted?
Presence of trees in private properties:
Q8 Do you have trees at the property where you live? Yes/No.
Demographic Questions:




Q10 Which best describes your race or ethnicity? Choose as many as apply:
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Survey: 
Tree Ownership Satisfaction Index (TOSI): 
Q1 Portland’s trees are important to me. Strongly Agree/Agree/Don’t Know/Disagree 
/Strongly Disagree. 
Q2 My neighborhood has enough trees: Strongly Agree/Agree/Don’t Know/Disa-
gree/Strongly Disagree. 
Q3 The trees in my neighborhood are in good condition and healthy. Strongly 
Agree/Agree/Don’t Know/Disagree/Strongly Disagree. 
Tree maintenance Satisfaction Index (TMSI). 
Q4 The city should maintain all trees along the street (in the public right-of-way, next 
to the sidewalk area): Strongly Agree/Agree/Don’t Know/Disagree/Strongly Disagree. 
Q5 The city should prioritize maintenance of trees along the street (in the public right-
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Q6 The city should plant trees in all available spaces along the street (in the public 
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Strategies for increase tree canopy: 
Q7 How do you think the city should get more trees planted? 
Presence of trees in private properties: 
Q8 Do you have trees at the property where you live? Yes/No. 
e ographic uestions: 
9 hat is your household income? Less than $10,000/$10,000–$19,999/$20,000–
$29,999/$30,000–$39,999/$40,000–$49,999/$50,000–$59,999/$60,000–$69,999/$70,000–
$79,999/$80,000–$89,999/$90,000–$99,999/$100,000–$149,999/$150,000–$199,999/$200,000 
or more/I don’t know. 
 i  t i     t i it      l : 
❑ Alaska Native ❑ American Indian/Native American ❑ East Asian ❑ South Asian 
❑ Southeast Asian ❑ West Asian ❑ Middle Eastern ❑ Black or African American ❑ Af-
rican ❑ Hispanic or Latino ❑ Native Hawaiian or Pacific Islander ❑ Slavic or Eastern 
European ❑ White ❑ Other (please specify). 
Q11 What is your home zip code? 
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Strategi s for increase tree canopy: 
Q7 How do you think the city should get more trees planted? 
Presence of trees in private properties: 
Q8 Do you have trees at the property where you live? Yes/No. 
Demographic Questions: 
Q9 What is your hous hold i come? Less than $10,000/$10,000–$19,999/$20,000–
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ronto, CBO  had a mor  dive se species list than mu icip l a enc es, land cape a chitects 
a d urseries [52]. In De oi , intervi ws with CBO st ff and recipients f giv away tre  
informed tha  th  ability to hoo e the re  species i a f ct tha  impacts the willi gness of
esi ents to car  f private tr es, as well a  liv  in areas with lower c opy. In both ca , 
s udies have found that th  major chall nges are co c rns wit  maint n nce practices and 
costs, uch s pruning, idewalk amages d t  deb is removal [53]. Both studies sug-
gested stewar ships f r a functioning a d h a hy urban f restry, whe e CBOs would
have the goal o promote understand , while supporting cultural ecosystem services. 
Author Contributions: L.A.C.N. hav  p rformed h  analysis and wrot  the ma u cript. V.S. h ve 
coll cted t  s rvey data, coordinat the res rc d, d revi wed the m nu cript. All authors 
have r ad and agreed t  the published version of the manuscript. 
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manuscript, and in t e decision to publish the results. 
Appendix A 
Survey:
Tr  Ow ership Satisfaction I dex (TOSI): 
Q1 Portland’s trees are important to me. Strongly Agre /Agree/Don’t Know/Disagree 
/Strongly Disagre . 
Q2 My neighborhood has enough trees: l  Agree/Agree/Don’t Know/Disa-
/Strongly Disagree. 
Q3 The tr es i  my neighborhood are in good condition and healthy. Strongly 
Agree/Ag /Don’  K ow/ /Strongly Disagree. 
Tree a tenance Satisfaction Index (TMSI). 
Q4 The city should main ain all trees along the street (in the public right-of-way, next 
o t e si ewalk area): Strongly Agree/Agre /Don’  K ow/ e/S ongly Disagree. 
Q5 The city should prioritiz  m inten nce of trees along he str et (in the public right-
of-way, n xt to the sidewalk area) in low- nc me commu i i s: Strongly 
Agree/Agree/Don’t K w/ /Stro gly Disa re .
Q6 The city shou d plant trees in all vailable spaces al ng the str e (in the public 
right-of-way, next to the sidewalk ar a): Strongly Agree/Agree/ on’t Know/Disa-
/Strongly Disagree. 
Stra egies for increase tre  canopy: 
Q7 How do you think the city shou d g t more trees plant d? 
Presence of tr es in p ivate properties: 
Q8 o y u have trees at the prop rty where you live? Yes/N . 
Demograp ic Questions:
Q  W at is your household income? Less than 10,000/ 1 , 1 ,9 / 2 ,0
$2 , 9/$3 , 0–$3 , 9/$4 , –$4 ,999/$5 , 00– 5 , 99/$6 , 00– 69 999/$70 000–
$7 , 99/$8 , 00–$8 , 99/$90, 0–$9 , / 0 , 4 , 15 , –$199,999/$200,000 
r more/I don’t kn w.
Q10 Which best describes your race or ethnic ty? Choose as many as apply: 
❑ Alask  Native ❑ Americ n I dian/Native American ❑ East sian ❑ South
❑ Southea t A ian ❑ W st Asia Middle Easter ❑ Bl k or African America  ❑ Af-
rican Hispanic or Latino ❑ Native Haw iian or Pacif Islander ❑ Slavic or Eastern 
European ❑ te ❑ Other (pl ase specify). 
Q11 What is your home zip code? 
West A ian
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Exa pl  of such cros -sector l urb  f restry m nag me t ar em rging. In To-
ronto, CBOs had a more diverse species li th n muni ipal agencies, landscape architects 
and nurs ries [52]. In De roi , interviews wi  CBO st ff nd recipients f g veaway tre s 
info med that the ability o choos  th  tre  spec es s  f ct that mpact  the willingness of
r ide ts to care fo  private trees, as well as l ve in reas with lower canopy. In both cases, 
studies have fou  that the major chal e g s are concerns with m n en ce practices and 
costs, such as p uning, sid w lk amages and tre  deb is removal [53]. Both studies sug-
ges ed stewardships for a unctionin  nd h althy ban f restry, her  CBOs wou d
have the goal to promote underst nding, while supporting cultural ecosystem services. 
Author Con ibutions: L.A.C.N. hav  performed the nalysis and wro e the m uscript. V.S. have 
collect d the survey dat , coo di at  the rese rch , and revi w  the manu cript. All authors 
hav  ead and agreed to the publis d version of the manuscript. 
Fundi g: This res arch was fu ded by onselho Naci nal de Desenvolvim nto Científico e Tecno-
lógico (CNPq), gra t number: 221077/2014-6—LASPAU Brasil/CNPq—GDE—EUA; and by t e 
US Fo est S rv ce’s National Urban and Community For st y Challenge Grant (17-DG-11132544-
014) nd the Robert Wood Joh son C imate and Health project. 
C nf ict  f Intere t: Th  aut s d clare no co flict of i te est. T e founding sp nsors had no role 
in he desig  of the study; in the colle tio , alyses, or interpreta ion of data; in the writing of the 
manuscript, and in the decision to publish the results. 
Appendix A 
Surv y: 
Tree wn rshi  Satisfaction Index (TOSI): 
Q1 Portland’s trees ar  imp tant to me. Strongly Agree/Agree/Don’t Know/Disagree 
/Strongly Disagree. 
Q2 My neighborhood has enough tre : Strongly Agree/Agree/ on’t Know/Disa-
gree/Strongly Disagree. 
Q3 Th  trees n my nei hborh  are in g od c dition and healthy. Strongly 
Agre /Agree/Don’t Know/Disagree/Strongly Disagree. 
Tree mainte a ce Satisfaction Ind x (TMSI). 
Q4 The c ty sh u d maintain ll tr es al g the t t ( n the public right-of-way, next 
to th id walk ar a): Strongly Agr e/Agr e/D n’t Know/Disagr e/Stro gly D sagree. 
Q5 The city hould prioritize maint nance of r es alo g the street ( n the public right-
of-way, next to th  sidewalk r a) in l -income communiti s: Strongly 
Agre /Agree/Don’t Know/Disagree/Strongl Dis gre . 
Q6 The city should p nt t s in all avai abl  spa s al g t  street (in the public 
right-of-way, next to the sid walk area): St ongly Agree/Agree on’t Know/Disa-
r e/St gly Disagree. 
Strategies for in rea e tree canopy: 
Q7 How do you t ink the city should get mor  trees planted? 
Presence of tr es in pr ate prop rties: 
Q8 Do you ave trees at the property where you live? Yes/No. 
Demographic Quest ons: 
Q9 What i your household income? Less than 1 000 1 $19,99 /$20,00 –
$29,999/$30,000–$39,999/$ 0,000–$49,999/$50,000– 59 9/$60,0 0– 69 999/$7 ,000–
$79,999/$80, 0–$89, 9/$ 0,0 –$99,99 /$100,00 –$149,99 /$150,00 –$199,999/$200,000 
or m re/I don’t know. 
Q10 Which best des ribes your race or ethnicity? Choose as many as pply: 
❑ Alaska Native ❑ Ameri n India /N tive Americ East Asian ❑ South Asian
❑ Southeast A i n ❑ West Asian  Middle E stern ❑ Black or African American ❑ Af-
rican ❑ Hispanic or Latino ❑ Native H waiian or Pacific Island r ❑ Slavic or Eastern 
Euro an ❑ White ❑ Oth r (please specify). 
Q11 What is your home zip code? 
Middle Eastern
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Exam s f such cros -sectoral urba  for t y m agemen are erging. In To-
ro to, CBO d a more div rse sp ies i  than mun cipal agencies, landscape architects 
and nur ri s [52]. In De r it, intervi ws with CBO a f and recipient  of giveaway trees 
nform d t a  th  ability to choo t  tre  s ec s is a fact th t impacts the willi gness of 
r siden s o car  for private trees, as well as liv in r s with wer c nopy. I  both ases, 
studies h v fou d th t the maj r h lenges e concer s with maintenance practic s and 
cos s, ch prunin , d walk amages and t ee debris removal [53]. Both studi s sug-
g ted stewards p  for  functioning and healthy urban forestry, where CBOs would 
h ve he goal to promo e und standing, while supporting cultural ecosystem services. 
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014) and the Robert W od Johnson Climate and Health project. 
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Appendix A 
Survey: 
Tree Ownership Satisfac i n Ind x (TOSI): 
Q1 Portland’s ree  a  important to me. Strongly Agree/Agree/Don’t Know/Disagree 
/Strongly Disagr e. 
Q2 My n ighborhood has ough t s: Strongly Agree/Agree/Don’t Know/Disa-
gre /St ongly Disagre . 
Q3 The tr es in my eighb rhood re in good condi i  and healthy. Strongly 
Agree/Agr e/ on’t Know/Disagre /Stro gly Disagree. 
Tr mai e anc Sat faction Index (TMSI). 
Q4 The city hould m in a n all trees along the st t (in the public ri ht-of- ay, next 
to th  sidewalk ar a): S ro gly Agr e/A ree/ o ’t Know/Disagre /Strongly Disagree. 
Q5 The ity should prioritize maintenance of tr es along the st eet (in the public right-
f-way, next to the s dewalk area) in low-income c mmunities: Strongly 
Ag e /Agr e/ ’t Know/Di agre /Strongly Disagree. 
Q6 The c y shou d pl n rees in all av ilabl  spaces long the street (in the public 
ri ht-of-w y, next t  th  sidewa k area): St ongly Agree/Agree/Don’t Know/Disa-
gre /Strongly Dis gree. 
Strat gies for inc as tree canopy: 
Q7 How o you think h  city should get mo  trees planted? 
P es nc of tre s n private properties: 
Q8 Do you hav  t e s at the property wh re you live? Yes/No. 
Demographic Questions: 
Q  What is your household income? Less than $1 ,000/$10, –$19,9 /$20,0 –
$29, /$30, –$39, /$40, – 49 / 50, –$59, 9/$60, 0–$6 999/ 7 ,000–
$7 , 9/$80, 0–$89, /$ 99,9 /$100,0 –$14 ,9 /$15 ,0 –$199,999/$200,000 
or more/I d n’t know. 
Q10 Which best describ s y r r ce or ethnicit ? Choose as many as apply: 
laska Nativ  ❑ American I d /Nativ m rican ❑ East Asian ❑ South sian 
S u heast Asian ❑ West A an ❑ Middle E stern  Black or Afr an Am i an ❑ Af-
rican ❑ Hispanic or Lat no ❑ Na ive Hawaiian o Pacific Islander ❑ Slavic or Eastern 
European ❑ White❑ Other (please spec fy). 
Q11 What is your home zip code? 
Black or Afric merican
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Ex mp  of such cross-sectoral urban fo estry manag men  are eme ging. In To-
o to, CBOs had  more div se species i t than munic pal ag cies, landscape architects 
and nurs ri [52]. In Detr it, interviews with CBO s aff and re ipients of giveaway trees 
formed hat th  abi y o hoos  th tre species is a fact that impacts the willingness of 
r sident  t care for priv te trees, as well as live in areas with lower canopy. In both cases, 
st dies have found that the m jor ch lle ges are concerns with maintenance practices and 
co , s ch as ru ing, sidewalk dam ges and tree ebris removal [53]. Both studies sug-
gested stewa dships fo  a fu ct oning and he thy urban forestry, where CBO  would 
ha e th  goal o p omot  understanding, whil  supporting cultural ecosystem services. 
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014) and the Robert Wood Johnson Climate and Health project. 
C nflicts of Int re : The uthors decl e no conflict of interest. The founding sponsors had no role 
n th  esign of th  study; i  t  collection, analyses, or interpretation of data; in the writing of the 
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Appendix A 
Surv y: 
T  Ow ership Sat faction Index (TOSI): 
Q1 Po la d’s trees a  important to me. Str ngly Agree/Agree/Don’t Know/Disagree 
/St ongly is gree. 
Q2 My ighb rhood has enough trees: Strongly Agree/Agree/Don’t Know/Disa-
gree/Strongly Disagree. 
Q3 The es in m n ighb rhoo  are in good condition and healthy. Strongly 
Agree/Agr e/Don’t Know/Disagree/Strongly Disagree. 
Tree maintenance S t sf ction Index (TMSI). 
Q4 The ci y shou d maintain all tr s along the street (in the public right-of-way, next 
to the s d wa k a a): Str ngly Agree/Agree/Don’t K ow/Disagree/Strongly Disagree. 
Q5 Th  ci y s ould p ioritize maintena ce f trees along the street (in the public right-
of- ay, n x t he sid walk area) in low-i come communities: Strongly 
Agree/Agr e/Don’t Know/Disagree/Strongly Disagre . 
Q6 Th  city should p ant trees in a l available spac s along the street (in the public 
r ght-of-w y, n xt to the sid walk area): Stro gly Agree/Agree/Don’t Know/Disa-
gree/Strongly Disagr e. 
Stra egies for creas  tree canopy: 
Q7 How do you think the city should get more trees planted? 
Presence of in private properti s: 
Q8 Do ou have trees at th  property where you live? Yes/No. 
Demograph c Questions: 
Q9 What is your household income? Less than 1 /$10,000–$19,999/$20,000–
$29, 9/$3 , 0–$3 , 9/$4 ,0 0–$ , / 5 , –$5 , /$6 ,0 –$69,999/$70,000–
79,999/$80,000–$89,999/$90,000–$99,999/ 00,000–$149,999/$150,000–$199,999/$200,000 
r more/I don’t know. 
Q10 Which best describes your ace or ethnicity? Choose as many as apply: 
❑ la ka Native ❑ American Indi n/Native American ❑ E st sian ❑ South Asian 
❑ Southeast Asi n ❑ West Asian ❑ M ddle Eastern ❑ B ck or African American ❑ Af-
ric Hisp ni   L tino ❑ N tiv  Hawaiian P cific Islander ❑ Slavic or Eastern 
E opean ❑ Whit  ❑ Other (pl ase specify). 
Q11 What is your home zip code? 
i
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Examples of such cross-sect r l urban fores ry man g me t r  mergi g. In T -
ronto, CBOs had a more div se species list an mu icip l age cies, land c pe ar h t c
and nurserie  [52]. In Detroit, interview i h CBO sta f and recip n of giveaway tr s
informe  that th  abil ty to choos  the tree speci s is a fact a  mp cts th  illingn s of
resid nts to care for priva  trees,  well as live i  areas with l wer c opy. In both ca es,
studie  have found that th  m jor challenges e conc rn  with m inte ance pr tices and 
co s, such as pruning, sidewalk amages and tree debris remo al [53]. Bo h st dies s g-
gest d stewardships f r a functi ing and healthy u ban f r s ry, wher  CBOs would 
have the goal to prom te understanding, while supporting cultural ecosystem se vices. 
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Appendix A 
Survey:
Tree Owner hip Sa isfaction Index (TOSI): 
Q1 Portl nd’s trees are import nt to me. S ongly Agree/Ag /Don’t Know/Disagree 
/Strongly Disagree. 
Q2 My neighborhood has enou h trees: Strongly Agree/Agree/Don’t Know/Disa-
gree/Strongly Disagree. 
Q3 The trees in my neighb rh od ar  in ood co ition and heal hy. St ongly 
Agree/Agree/Do ’t Know/Disagre /Strongly Disagree. 
Tree maintenance Satisfaction Index (TMSI). 
Q4 The city should mainta n all trees al  th  str t (i  he public ri ht-of-way, ex  
to the sidewalk area): Strongly Agree/Agree/D n’t Know/D sagr /S r g y D sag . 
Q5 The city sh uld p ioritize maint nance of rees along th  street (in th  public right-
of-way, next to the sidewalk area) in low-inc m  c mmu ities: Str ly 
Agree/Agree/Don’t Know/Disagr e/Strongly Disagr e. 
Q6 The city should plant trees in ll vailabl  spaces along the street (in the public 
right-of-way, next to the sid walk area): Stron ly Agree/Agree/Don’t Know/Disa-
gree/ on ly Disagree. 
Strategies for increase e canopy:
Q7 How d   think th  ci y should get mo  tr es pla ed? 
Presence f trees in private pro erties: 
Q8 D  you ave trees at the roperty where you live? Yes/No. 
Demographic Q estions: 
Q  What is your household income? Less than 0, /$1 ,00 –$1 , 99/$2 , 0–
2 3 3 4 4 5 , –$59,99 /$60, 00–$69,999/$70,000–
$79,999/$80,000–$89,999/$90,0 0–$99,999 $100,000–$149,999/$150,000–$199,999/$200,000 
or more/I don’t know. 
Q10 W ich be t describ  your rac or ethnici y? Choose as m ny s apply: 
❑ Al ka N tive ❑ Amer can I dian/N tive Americ n ❑ Ea t Asian  ou h sian 
❑ Southeast As an ❑ West A ian ❑ Middl  E ste n ❑ Black or Afr can Amer can ❑ Af-
rican ❑ Hispanic or La ino  Nat ve Hawaiian or Pa ifi  Islander ❑ Sl v c or E ter
European ❑ White ❑ Other (please specify). 
Q11 What is your home zip code? 
Hispanic or Latino
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Exampl s f such cro s- ec urban fo st y ma g m n re m rging. I To-
ronto, CBOs had a more diverse p ci s li t than municip l ag ci , landsc p architec
and nurser s [52]. In D tro , in erviews with CBO staff d r cipients f gi w y tre  
nformed th t th  abi i y o choose t  s ecies is a fact i pacts the willingn s of 
esidents to are for pri ate tre s, ell as l ve i ea  w h low r c opy. In both ca es, 
s u ies h ve fou d t at the majo  challenges ar co r s w th m int n c  pr ctices and 
c sts, such a  pru i g, si ewalk d mages and tree d b is r v  [53]. Both st di s s g-
gested stew r ships for  functi ni  and healt urban fo est y, wh re CBOs would
have the go l to prom te understa ding, whil  supporting cultu al ec syst m services. 
Auth  Contributi n : L.A.C.N. h ve performed the an ly is and wrote t e manuscrip . V.S. have 
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h ve read an  agreed t  the published version of the manuscript. 
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Appendix A 
Surv y: 
Tree Owne ship Sat sfaction Ind x (TOSI):
1 Portl d’s trees  important to me. Str gly A ree/Agre on’t Kn w/Disagree 
/Strongl Disagree. 
2 My n i borhood has enough trees: Strongly Agr e/Agr e/Don’t Know/D sa-
gree/Strongly isagree.
Q3 T  tre s in my neighb hood a  in go d co dition and healthy. Strongly 
Agr /Agre /Do ’t Know/D sagr e/Strongly Disagree. 
Tre m in enanc  Satisfac ion I dex (TMSI).
4 The c ty s  maint n all tr s al g t s r et (i   public right-of-way, nex  
the s dewalk r a): Stro gly Agree/Agre /Don’  Kno /Disagree/Str gly D sagree. 
Q5 Th  ci y should prior t ze m int anc  of tr s alo g the street ( n the publ c r ght-
of- ay, n xt t the side alk are ) in ow-income communitie : Strong y 
A ree/Ag /Don’t Know/Di agre /Str ly D agre . 
Q6 Th  city hould plan trees in ll availabl space  al  the tr et (in the publ c 
rig t-of-way, next to th  sid walk area): Strongly A /Agre /Do ’t Know/Disa-
gree/Strongly Disagree. 
S at gie  f inc ase t e can y: 
7 How do you think t  city should g t m re trees planted? 
Pr s ce f t ees in priv t proper ies: 
8 Do you have e  at t e property w ere you l ve? Yes/No.
Dem graphic Ques ions: 
Q  What is your house old income? Less than 1 , 0 10, 00 1 , 2 –
$2 , 99/$3 ,000–$3 ,99 /$4 ,000–$4 , 99/$5 , 0–$5 , / 6 ,0 –$69, 99/ 70, 0–
$79, 99/$80,000–$89,999/$9 ,000–$ , 99/$1 , 00–$14 , 99/$15 , 00–$199,999/$200,000 
or mor /I don’t k ow.
Q10 Which b st scr bes your rac  or h ic ty? Choose  many s apply: 
❑ Al ska ti  ❑ merican Indian/N ive Americ n ❑ East Asian ❑ South si n 
❑ S uthe st Asian  West Asi  Middle E stern ❑ Bl k or ric n Americ n ❑ Af-
ica  ❑ Hisp n c or L tino ❑ Nativ  H waiian or Pa ific Island r ❑ Slavic or Eastern 
Europ an ❑ White ❑ Other (please sp cify). 
Q11 What is your home zip code? 
Nat ve H waiian or Pacific Island
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Ex mpl o  such cro s-s c al u ba  fo try management re emergin . In To-
ron o, CBO had ore diver p s ist t an munici al agenc es, l ndscap  a chitects
and nur er es [52]. I D oi , interv ew it  CBO taff and recipi nts f giveaway tre  
inform d th th  ab l y to ch ose t  tr e sp cies i   fa t th t i pacts e llingn s of 
id ts to car fo priv te tr s, as well s live in areas wi h low r a opy. In both c es, 
tudi s h v  f ha the major challenge ar co cern  with maint n ce p actices and 
cost , uch as runi g, i e lk m ge and tree deb is removal [53]. Both studi  sug-
ested stewa ds ips  a fu ctioning and healthy urb  f restry, whe e CBOs would 
h ve the g al t  promote und rst ding, wh l  upp ting cultural ecosystem services. 
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Figure A1. Zip codes in the study area. 
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Abstract: A rapid increase in land and property values has been one of the driving forces of ur-
ban ecosystem development in many countries. This phenomenon has presented project propo-
nents/policymakers with multiple options and associated challenges, nudging them to configure
or incorporate elements of land-based financing in their policies and legislations. Specifically, the
Government of India and various state governments have sought to monetize land through diverse
instruments, for augmenting the financial viability of infrastructure and area development projects.
This paper compares Indian central and state infrastructure policies/acts with regard to land mon-
etization strategies. The analysis indicates that policies and legislations are taking a turn towards
promoting land monetization mechanisms as a financing tool for cities and project implementation
agencies. However, the approach is cautiously used and implementation is often seen to fall behind
actual project timelines. Based on the findings, key determinants of a successful policy that captures
an increase in land values, are identified. The learnings provide useful inputs for states to strengthen
their policy documents and legislative/institutional frameworks, for ensuring the effectiveness of
land-based financing tools.
Keywords: land-based financing; land monetisation; policy; infrastructure; Sustainable Develop-
ment Goals
1. Introduction
The infrastructure and urban development landscape across the world witnessed
a substantial transformation in the last two decades, attributable to economic growth,
internationalization, and greater expectations of citizens [1]. The developing world has
struggled with wide-ranging systemic constraints that include technical, institutional, and
financial aspects in managing this burgeoning change. The growing fiscal stress of cities
(“urban local bodies” (ULBs)) is forcing nations and subnational entities across the world
to explore newer sources of finance—broadening the tax base and introducing different
charges for utilities [2]. Land-based financing is increasingly seen as a tool for developing
infrastructure and providing ecosystem services, across the world. The success of Singapore
and Hong Kong in using these tools has spurred the interests of various governments the
world over, to explore various tools and instruments that capture the increased value of
land, and to finance infrastructure or area-based developments. Driven by speculation,
these approaches have led to increased land prices and created more inequality in the
developing world. In developed markets such as Hong Kong, London, Paris, and Tokyo, it
is estimated that a person earning a national average income would need to work for more
than 60 years to buy a residential property. Similar assessment for India ranges between
100 years for property across Indian metros, and nearly 580 years for a property at the
highest rate in Mumbai [3].
Land is an important backbone for infrastructure development, which led to numerous
statutory interventions by governments, to ensure its availability for economic purposes.
Land is conventionally seen as one of the factors of production, and the emphasis is on
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making this increasingly scarce resource available for economic growth. The traditional
land acquisition acts in many countries were all premised on procuring land, in some
instances under the ambit of eminent domain, to propel economic and ecosystem growth.
Further, to prevent runaway misuse of increasing land and property values, some countries
put in place, urban land ceiling acts, to cap the rentals that could be charged [4].
The prominence attached to land is very explicit in the Sustainable Development Goals
when compared to the Millennium Development Goals (MDGs). In the MDGs, land (and
property) is viewed as a resource under Goal 7 (Ensuring Environmental Sustainability) for
improving the lives of slum dwellers. In contrast, the importance of land as a contributing
parameter has been featured in many SDGs. In SDG 1 (“Removing Poverty in all its
forms everywhere”), land features as a factor in Target 1.4 that describes rights to economic
resources for all (particularly the poor and vulnerable) including control over land and other
forms of property. Access to land in a secure and equal manner is considered an important
determinant for improving the productivity and incomes of small-scale food producers
in Target 2.3 of SDG 2 (“End hunger, achieve food security and improved nutrition, and
promote sustainable agriculture”). Having rights to ownership and control of land is also
seen as an important feature for achieving SDG 5 (“Achieve gender equality and empower
all women and girls”—Target 5a). Access to land is also an important factor for achieving
SDG 11 (“Make cities inclusive, safe, resilient and sustainable”), which addresses access
to the infrastructure [5]. Land has always been considered as a fundamental factor that
influences poverty, hunger, and sustainability [6]. The development path of the urban
ecosystem will be influenced in some sense, by how land develops [7].
This innate relationship between land and development, coupled with the poor
resources of the governments to raise finances for providing urban infrastructure facilities
to an increasing urban population, gave rise to the concept of land-based financing tools.
Land-based financing is modeled on the premise that land as a resource adjacent to an
infrastructure facility/service has a substantial increase in value, a part of which could be
used for financing development projects in that area. Many countries including India and
global forums such as Global Land Tool Network, Royal Institution of Chartered Surveyors
have adopted tools for this value capture in the form of area linked development charges,
impact fees, transfer of development rights, urban land value tax, surcharges on stamp
duty, etc. [8–10].
The idea of levying a tax on increased land value due to the efforts of the government
or the community was first stated by Henry George in his seminal book “Progress and
Poverty” [11]. Since then the concept of land-based financing or variants of land value
capture has been propagated through the years [2,12]. The instruments span across a
transfer of development rights, impact fees, land leases and sale proceeds, property, and
land tax variants, betterment charges, etc. [13]. The very steep increase in land values,
particularly in the developing world, has presented project proponents and policymakers
with a range of opportunities to fund projects using land as one of the resources. [14].
While the benefits from land value capture are evident, land-based financing does
have its share of criticisms. Leveraging the increased value of land distorts the land rights
regime and equity across various sections of the society. In India, for instance, many
informal and slum settlements are situated on government-owned lands. The dwellers
in these settlements do not own a legal title to the land but have perceived rights to
reside. Attempts to gain from monetizing such land parcels might negatively impact these
human settlements [15]. The equitable benefits of land-based financing across all sections
of the society are not conclusive, as there have been instances of the system bypassing the
poor [13] where the expected revenues do not subsidize the needy.
One of the major criticisms of land-based financing models is the intrinsic nature to
front end the investment that is recouped over a period, during which time the affordability
of the land to the general public is constrained. Thus, lawmakers and policy actors need
to assess policies against an equity framework that addresses aspects relating to where
the economic value is being created and recovered from, to who is going to benefit from
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the initiative. The linkage between the taxation and budgeting process and distributing
the financial risks equitably needs to be established. Projects such as Hudson Yards and
Atlanta Beltline have been assessed under such criteria [16–18]. The evaluation of the
effectiveness of the policy or the project being implemented is based on (i) whether there is
value creation (ii) how do policies enable this value creation, (iii) how is the value shared
between various stakeholders, and (iv) whether the re-deployment of value generated
further increases value at other places in the region [16].
Cities, traditionally, have better control and flexibility in managing their non-tax
revenues or own assets, due to the relatively limited need for approvals and adherence to
the fiscal frameworks [19]. The discourse on land-based financing is largely limited to land
value capture instruments and how cities can utilize them to fund their operations. There
is limited research on how the potential increase in land values can be used for financing
direct infrastructure projects, and how the policies at national or sub-national levels have
incorporated the elements that promote land-based financing aspects. This paper discusses
the extent of land-based financing being formally incorporated in policy documents, using
the policies and legislations in India as a case example.
The rest of the article is organized as follows. The approach adopted for identifying
the various policies that have elements related to land-based financing and the comparison
framework of these policies is described in Section 2. A few Indian project experiences
that used land-based financing are presented in Section 3 to provide an overview of the
diversity of regions and project structures that are being developed across the country.
Various national and subnational policies, schemes, and acts that incorporate or relate to
land monetization are set out in Section 4. Contours of a framework that could be used
for incorporating land-based financing aspects in policy are outlined in Section 5. The
findings of this analysis and lessons for its wider adoption in land value capture policies
are summarized in Section 6.
2. Method
The intent of the governments to encourage land-based financing tools and instru-
ments is typically communicated through various policy documents (and in some cases
specific programmes and schemes). The land-based financing mechanisms that are in prac-
tice internationally and captured in many forums such as the Global Land Tool Network [8]
emphasize the need for such mechanisms to be contextually tailored. The effectiveness
of land-based mechanisms and the equity principles promoted by the policies could be
gauged by five questions [16] as set out in Table 1 below.
Table 1. Framework for Comparative Analysis.
Parameters Description
Contributors Who are the stakeholders from whom the increased value created bypublic sector interventions/public infrastructure is recovered?
Beneficiaries Who are the stakeholders to whom the benefits of the value createdwill accrue?
Process How is the value–recovery mechanism linked to budgets of thepolicy proponents and land monetization benefits related to taxation?
Financial Risks Who are the stakeholders likely to bear the financial risks associatedwith future cash flows with current investments?
Governance Actors Who are the stakeholders (actors) involved in the governance ofvalue recovery, distribution, and allocation?
To identify the programs/policies for a comparative study, the initiatives by the
Government of India, and by three frontrunner states to undertake PPP projects over
the last two decades, were screened for the following criteria (i) policies/programs that
specifically address urban area development (ii) programs/policies that mention land-
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based financing and (iii) the programs/policies that allow for private sector participation
to achieve the respective objectives. For this research, land-based financing included all the
forms of land value capture, land monetization instruments generally adopted in global
networks like Global Land Tool Network [8] and mentioned by the Government of India
in its land value capture policy. The sections of the policies that refer to the land-based
financing mechanisms were listed out. The land-based financing elements of these policies
have been compared with the five parameters (as set out in Table 1) to understand if these
elements address the fundamental questions of effectiveness and equity.
3. Indian Project Experiences of Land-Based Financing
Historically, urban land has been used to develop cities in India. Mumbai (known
earlier as Bombay) was developed as a port city by selling the leasehold rights by the then
English administration. A similar model was adopted to develop Kolkata (earlier known
as Calcutta). Many surrounding areas of the capital city, Delhi, were also developed using
the sale of urban land (through Development Authorities) [20]. When the Indian economy
started to blossom in early 2000, many sectors attracted international investments which
subsequently led to a sharp increase in land and real estate prices. For example, allowing
foreign direct investments in privately built townships and special economic zones. The do-
mestic investments followed suit, rapidly changing the sector into an attractive investment
class [21]. The Government of India and various state governments took advantage of this
increase and used the land as a means to fund infrastructure projects. A recent example is
the greenfield development of Amaravati as the capital city of Andhra Pradesh (explained
in Table 2).
Over the last two decades, India attracted a variety of domestic and international
investors, developers, and other stakeholders to participate in its growth story, who have
sought progressively to move up the risk curve by exploring newer sectors and imple-
mentation arrangements [22]. The launch of major infrastructure programmes such as the
Golden Quadrilateral, East West North South corridors, redevelopment of airports, ports,
telecom, and energy sector improvements gave a fillip to public and private investment in
infrastructure. The subnational entities, state-owned organizations, city administrations,
and parastatals followed suit with a range of projects spread across infrastructure subsec-
tors [23]. The buoyancy and aggressiveness of the investment programme coupled with
the increasing risk appetite of the private sector resulted in many projects being deemed
financially unsustainable solely based on user fees and charges [23]. The project proponents
then began structuring projects, primarily those implemented under public–private partner-
ship arrangements, with land-based revenue as an additional source of financing. The trend
continued across all the subsectors including transport, urban, tourism, and agriculture
marketing projects. The project sponsors were also spread across the national, state, and
city levels. While a few of the projects were large and had attracted substantial national
and regional media attention, there were also a plethora of smaller projects spread across
different states that benefitted. An indicative list of projects that used land-based financing
mechanisms and have attracted substantial research attention are listed in Table 2.
The greenfield development project of Amaravati city that was based on land pooling,
was designed to provide the development authority with considerable land to use for
development and also to raise finances for infrastructure creation, through capturing the
increase in land value. The challenge, however, will be from competing developments in
fringe areas that could affect the land value appreciation in the development areas of the
city. The development authority would need to identify measures to counter the impact of
competing developments, for instance, by permitting higher built-up areas and capturing
the value from this increase. Another challenge for the authority to balance is the mismatch
in the timing of initial infrastructure investments required and the value capture that would
be realized over a longer time horizon [15].
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Table 2. Illustrative projects that incorporated land-based financing elements.
Project Key Features
Amaravati City
Amaravati, city assumed importance in 2014 when it was designated as the
administrative capital of the newly carved state of Andhra Pradesh.
Anticipating the challenges that would come from rapid urbanization,
population increase, and the associated increase in the value of land in the
urban area, the Government of Andhra Pradesh introduced the “Land
Pooling Scheme (LPS)” as an innovative land-use planning instrument to
capture the land value increases in a manner that is equitable and balances
development with urbanization. The unique feature of the LPS was to
ensure that landowners benefit directly from the increase in land value
when the capital city would be developed, by making them stakeholders in
the development process. The scheme encouraged landowners to
contribute their plot of land in return for a smaller plot of urban serviced
land (returnable plot), expected to be higher in value and was also
promised annuity payments (to support livelihoods) and skill upgrading





The project was conceived in the 1980s as an expressway of about 111 km
connecting the heritage city of Mysore to the capital city Bangalore. The
project proposed by Nandi Infrastructure Corridor Enterprises Ltd. was
also to include residential, industrial, and commercial facilities. The
objective was to de-congest Bangalore city and attract people to shift to the
upcoming townships along the corridor. The government of Karnataka
entered into a Framework Agreement with the developer in the year 1997
agreeing to provide land for the project. However, several rounds of
litigation ensued, challenging the land acquisition process for the project
and refusal to grant permission by the Planning Authority for the
construction of group housing [24].
Hyderabad Metro
Rail Project
The rail project comprising 66 stations in 72 km estimated at Rs. 14,132
crores are being developed by L&T Hyderabad Metro Rail Private Limited,
Hyderabad. Nearly, 40% of the revenues are estimated to come from real




Rajiv Gandhi International Airport was a greenfield airport built on
approximately 5000 acres of land. Nearly 45 acres were identified as phase
1 development for commercial and hospitality facilities comprising about
14 assets. Out of 5000 rooms, 3000 rooms were budget rooms and the
remaining were categorized as luxurious rooms. The cost of construction
was estimated to be Rs. 75 lakhs to Rs. 1 crore per room. The concession
agreement was signed on 4.4.2006 and construction completed on 31.3.2010.
The other major components of the project included the renovation of
Terminals 1A, 1B, 1C, and Terminal 2 of the existing airport [26].
Dhamra Port,
Odisha
Dhamra is a port close to the mineral-rich industrial states of Odisha,
Jharkhand and Chattisgarh developed on a Build Own Operate Share
Transfer framework. The 25.0 MTPA project with a concession period of
408 months was bid out on a revenue share basis. The concession
agreement was signed on 2.4.1998. Excess land allotted to the project was






Eleven acres of land near HPL Township was identified for the project, out
of which the private partner was to develop a modern Central Bus
Terminus on 7 acres of land and operate it for 20 years. The remaining
4 acres of land was to be developed commercially by the PPP partner who






Constructed on 6.3 acres as a BOT project for a concession period of
378 months. The concession agreement was signed in 2010 with Hubtown
(Vadodara) Bus Terminal Ltd. at a project cost of Rs. 60.28 crores [28].
Source: Authors compilation based on a review of the literature.
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The Bangalore Mysore Infrastructure Corridor, a road project that linked two major
cities Bangalore and Mysore in the southern state of Karnataka, had attracted significant
public attention as a large quantum of land was promised to the project developer. The
business case of the project hinged on making land available to the developer along the
corridor, for developing and maintaining townships for a defined period, which would
offset the costs for developing the road and associated infrastructure. While there was
opposition to the excessive land sought to be acquired for the project, the contours of this
model served as a template for infrastructure projects in the country to use land-based
financing approaches. Therefore, whenever the business case of a project resulted in
suboptimal revenues (from the user charges and associated cash flow streams), the project
sponsors, typically the public sector entities offered additional land or rights to use the
land for shoring up the sources. For instance, in the case of Delhi International Airport
(and other airports at Hyderabad, Bangalore, and Mumbai), the project sponsor offered
land surrounding the main airport for commercial development. The income arising from
such additional land development was expected to offset the capital and operations and
maintenance (O&M) expenditure being incurred on the project.
Similar models have also been adopted in port projects (Dhamra port) and metro train
projects (Hyderabad metro). The viability of revenue streams was a risk that was sought to
be addressed using land and real estate as a sweetener in many instances. The approach,
though, has not been a runaway success due to the limitations in monetizing the land value,
especially after the global financial crisis and its aftermath [23]. Political controversies have
also stalled the progress of land acquisition and the implementation of projects in many
cases as there were attempts to convert agricultural land to industrial and infrastructure
purposes [14]. However, the belief in such a model had nevertheless been seeded in many
project sponsors.
4. Elements of Land Monetization in Key Legislation and Policies in India
There have been initiatives (though on a limited scale and fragmented) to reform the
institutional, governance, and financial systems for encouraging private sector participation
and coexisting with the social contexts surrounding land [14,29]. The policy and legislative
framework that enables land-based financing in India include Municipal Corporations Acts,
Municipality Acts, Development Authority Acts, Town Planning Acts, Stamp Duty, and
Registration Acts, various schemes of the central and state government, national policies,
and state policies. The powers to legislate different types of instruments varies by the type
of agency.
The proponents of infrastructure projects are mostly city administrations and the
state level parastatals, whose access to different sources of finances are limited by the
powers to influence the prevailing legislations. In most cases, they have very limited say in
introducing a new element or changing the base or the rate of a tax system, though they
have better control over the administration of any tool once the same has been enacted.
Moreover, the revisions to policies and legislations are not carried out regularly by central
and state governments, leading to a potential delay in accessing the upside in the land value
increases. In the meantime, the expenditure for the infrastructure service provision keeps
escalating. Another area of criticism is the lack of transparency that exists in the distribution
of land and the direction of transfer (typically from public ownership to private control).
Therefore, an effective institutional and governance framework is vital for conducting
transparent and equitable land-based financing transactions.
Various government constituted expert committees and interest groups have sug-
gested mechanisms and instruments for utilizing unused land to finance infrastructure
in India. One of the earlier initiatives was the report of the Committee on Roadmap for
Fiscal Consolidation that recommended the monetization of land resources for financing
civic infrastructure [30]. Instruments such as land pooling, monetization of underuti-
lized/unutilized urban lands, land readjustment, land value capture were suggested as
part of land-based financing systems [31,32]. The levy of area-based development charges
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was in vogue till 2010 in Mumbai, where the revenues were collected and retained by the
city municipal corporation. Ahmedabad city has been adopting the premium floor space
index tool on a stand-alone basis, and to supplement the transit-oriented development
initiatives in the city.
The design of recent government of India’s schemes and programmes reflect this
intent with sustainability as the centerpiece. Various urban development schemes were
launched by the Government of India in mid-2000 to facilitate better infrastructure facilities
and ecosystem services for citizens. The schemes were customized for different categories
of towns and cities (based on population, characteristics, etc.). The prominent amongst
them being the Jawaharlal Nehru National Urban Renewal Mission (JnNURM) Scheme,
Atal Mission for Rejuvenation and Urban Transformation (AMRUT), and the Smart Cities
Mission. These schemes (and similar ones for different cities) aim to accelerate investments
in city infrastructure while proposing to reform the governance, institutional, and financing
systems. These schemes seek to improve land registration and cadastral systems and make
the real estate available more freely for development projects through repealing land ceiling
regulations.
Though direct methods of land monetization are not suggested in the JnNURM
guidelines, it provided for legal and policy changes to be made by the States and simplify
rules related to the conversion of land from agriculture to non-agriculture purposes. This
implied that more land needs to be made available for the creation of assets meant for
ecosystem services. As a consequence of this mission, the State needed to earmark land
also for commercial use to serve the economically weaker sections (EWS) and low-income
groups (LIG) allottees. This would include public markets, parks, schools, etc., that may
generate continued revenues to the urban local bodies (ULB). As a result of the development
of EWS and LIG housing projects, the land value in adjacent areas may increase due to
additional habitation. The Smart City Mission guidelines place the onus on State level
public agencies to create frameworks and policies for monetizing land and land-based
assets in a Smart City. Land is also recognized as a key resource for implementing the
AMRUT scheme, even though the scheme stops short of suggesting that excess land can be
monetized for improving the sustainability of projects.
The primary legislation that enables the acquisition of land for infrastructure and
development projects is the Land Acquisition Act, 2013 (which was promulgated replacing
the archaic act of 1894). The Act sets out compensations that are much more aligned to
market values than its predecessor. Section 26(3)(c) of this Act envisages that a Company
can acquire land as equity and make landowners as its shareholders. It is possible, therefore,
for a Government company to monetize land this way by acquiring it, developing necessary
public infrastructure, and benefitting from the revenues that accrue.
The intention of various tiers of governments to provide direction for funding infras-
tructure developments is set out in the respective infrastructure policies and acts. The three
states that are at the forefront are Gujarat, Andhra Pradesh, and Karnataka. While land
monetization is not specified in the Andhra Pradesh law, it may be construed that in the
process of development of a project for carrying out the objects of the Act, the Infrastructure
Authority can suggest ways and means monetize land acquired for a project. Though the
powers to acquire land is not vested in the Infrastructure
Authority directly, however, in Schedule V of the law [under Section 2(rr)], it is
envisaged that the State Government will extend support to acquire land necessary for a
project. It also provides for asset-based support by the Government, whereby the project
proponent provides land at a subsidized lease for a predefined period (not exceeding
33 years).
The Gujarat Infrastructure Development Act does not empower the project authority
to acquire land. However, in Chapter II—Infrastructure Projects (Section 6), the law
envisages assistance by Government agencies for conferment of the right to develop any
land. It also provides for Government agencies to participate in the equity of a project
(not exceeding 49% of total equity), extends senior or subordinated loans, and similar such
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conditions to provide assistance to any person developing an infrastructure project. Thus,
the authority has a role of a facilitator in the development of infrastructure in the State.
The Infrastructure Policy of the Government of Karnataka does not explicitly mention that
land-based financing can be used, or land can be monetized, though there were numerous
examples of land being used as a financing source across the state in the last two decades.
Traditionally, states and cities have been raising funds by the sale of lands which is a
less efficient form of resource mobilization. Typically, land value has been captured by a
levy of the impact fee, betterment charges, etc. For example, infrastructure project agen-
cies in Maharashtra, (Mumbai Metropolitan Region Development Authority (MMRDA)
and City and Industrial Development Corporation (CIDCO)) have used value capture
methods to finance infrastructure development. Haryana and Gujarat have used land
pooling schemes, but there is no systematic approach outlined for land value capture. The
government of India’s latest policy on land value capture (LVC) seeks to capture value
from increases in private land valuation from public investments and public policy actions.
However, it does not address direct monetization (sale/leasing) of public land. The policy
document also lists out various value capture methods used in India. These include land
value tax, fees for change in land use, betterment levy, TDRs, relations of rules or additional
FSI, vacant land tax, etc. The guidance note recognizes that presently there is no tool to
assess the increased value of the land as a result of development. However, the impact
fee tool is discussed at length in the note. The other types of LVC are not dealt with in
detail. While success stories of LVC implementation in India and abroad have been dealt
with in Section III (page 20 onwards) examples of tried, tested and failed initiatives by
Government on value capture are not provided in the guidance note. Annexure 1 contains
details of the type of value capture fund sources (Land Tax, Conversion tax, Betterment
Levy, Impact Fee, etc.) as has been practiced in different states in the country.
The list of policies, schemes, and legislations that have included land-based financing
sources are summarized in Table 3.
Table 3. Legislations/policies with land monetization elements.




Amongst others, the guidelines propose that ULBs will develop and
manage municipal assets to ensure sustainable public service delivery
to the citizens especially the urban poor and people living in
peri-urban areas. It is expected that the State Level Nodal
Agency/ULBs would leverage financial resources in addition to
financial assistance from the Central and State Governments.
To ensure bankability, it is envisaged that liquidity support mechanism,
up-front debt service reserve facility, deep discount bonds, contingent
liability support, and equity support are to be established.
The other reform proposed is to earmark 20–25% of developed land for
EWS and LIG housing projects. This was suggested to enhance the
supply of land for affordable houses for the urban poor and to provide
them access to basic services. It was envisaged that with the increased
housing supply, the ULBs would be able to garner higher amounts
towards property tax.
The other reform envisaged in the guidelines is the repealing of the
Urban Land Ceiling Act, 1976. Its objective was to facilitate the
availability of urban land at affordable prices by increasing its supply
in the market.
The objective of the reform in the rent control act is to bring out
amendments in existing provisions for balancing the interests of
landlords and tenants. Additionally, the increased investment in
housing would lead to increased housing stock and increased revenue
from property tax. So far twelve states have yet to make desired
amendments in the rent control act [33].
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Table 3. Cont.
Title Salient Features Related to Land Monetization
Smart City guidelines
“Para 3.1 (i) Promoting mixed land use in area-based
developments—planning for ‘unplanned areas’ containing a range of
compatible activities and land uses close to one another to make land
use more efficient. The States will enable some flexibility in land use
and building bye-laws to adapt to change.”
“Para 5.1.2 Redevelopment will effect a replacement of the existing
built-up environment and enable co-creation of a new layout with
enhanced infrastructure using mixed land use and increased density.
Redevelopment envisages an area of more than 50 acres, identified by
Urban Local Bodies (ULBs) in consultation with citizens.”
“Para 5.1.3 Greenfield development will introduce most of the Smart
Solutions in a previously vacant area (more than 250 acres) using
innovative planning, plan financing and plan implementation tools
(e.g., land pooling/land reconstitution) with provision for affordable
housing, especially for the poor. Unlike retrofitting and redevelopment,
greenfield developments could be located either within the limits of the
ULB or within the limits of the local Urban Development Authority
(UDA).”
“Para 11.3 (i) The GOI funds and the matching contribution by the
States/ULB will meet only a part of the project cost. Balance funds are
expected to be mobilized from i. States/ULBs own resources from a
collection of user fees, beneficiary charges and impact fees, land
monetization, debt, loans, etc.”
“Para 13.1.3 The National Mission Director will have the responsibility
to . . . . . . (iii) Oversee capacity building and assisting in handholding
of SPVs, State, and ULBs. This includes developing and retaining a best
practice repository (Model RFP documents, Draft DPRs, Financial
models, land monetization ideas, best practices in SPV formation, use
of financial instruments and risk mitigation techniques) and
mechanism for knowledge sharing across States and ULBs (through
publications, workshops, seminars)” [34,35]
AMRUT guidelines
“Para 6.10 Conditionalities: . . . . . . , in the AMRUT no projects should
be included which do not have land available and no project work
order should be issued if all clearances from all the departments have
not been received by that time. Moreover, the cost of land purchase will
be borne by the States/ULBs.”
“..Explore innovative ways for resource mobilization, private financing,
and land leveraging for funding of projects.”
It also provides that in the appraisal of the DPR, the National Mission
Director may decide to “Mobilize external resources and improve
internal resource generation of the ULBs. For instance, facilitate access
to municipal bonds by credit rating ULBs, providing assistance to ULBs
to monetize land and prepare Tax Increment Financing Proposals (TIF),
obtain private funding, etc.” [36]
Land Acquisition Act,
2013
The objective of the Act (amongst other things) is to ensure the
development of infrastructural facilities and urbanization. The Act
envisages that the affected persons become partners in development
leading to an improvement in their social and economic status.
Land can be acquired for a public purpose and it includes
agro-processing, industrial corridors, water harvesting, education,
sports, etc. (Section 2(1)).
The law further provides on the method to be followed in the process
of land acquisition for the determination of the social impact and
public purpose (Chapter II—Sections 4 to 9)
Section 26 (3) (c)—”Provided that in a case where the Requiring Body
offers its shares to the owners of the lands (whose lands have been
acquired) as a part compensation, for the acquisition of land, such
shares in no case shall exceed twenty-five percent. of the value so
calculated under sub-section (I) or sub-section (2) or sub-section (3) as
the case may be”: [4]99
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Table 3. Cont.





To provide for the rapid development of physical and social
infrastructure in the State and attract private sector participation
An ‘Infrastructure Authority’ is established to conceptualize and
identify projects and ensuring their conformance to the objectives of
the State. The Authority also has the responsibility to categorize
projects, prepare a project shelf, road map for project development,
decide financial support, etc. It also has the responsibility to receive
and consider projects from Government agencies and also advise them
in the development of infrastructure. The prioritization of projects is to
be carried out based on ‘demand and supply gap, inter-linkages and
any other relevant parameters’.
GIDB Act
The objective of the Act is to allow persons from the non-Government
sector to ‘participate in financing, construction, maintenance, and
operation of projects. GIDB is the nodal agency for PPP projects in the
State. The Board also acts as a policy advisor to the State Government
and is vested with appropriate functions to prioritize various projects
of the Government, to consider proposals received from private parties,





“Facilitating private participation in developing infrastructure facilities
in the state by providing opportunities to private parties for
participating in new infrastructure facilities development as well
maintaining the existing infrastructure facilities. Infrastructure
Development Department of the GoK is the nodal agency for appraisal
and approval of infrastructure projects which is supported by a PPP
Cell within the department. A Single Window Agency under the
Chairmanship of Chief Secretary is set up for appraisal and approval of
the projects. The State High-Level Committee chaired by the Chief
Minister will approve Projects above Rs.50 Crores. GoK intends to put
in mechanisms for expediting the land acquisition process and if
necessary specific legislation would be passed in this regard. To
enhance the commercial viability of projects, GoK may allow, wherever
necessary, the Concessionaire/SPV to develop utilitarian services or




The policy provides for four steps for project-based VCF. (1) Initiation
(2) Planning (3) Design and strategy and (4) Execution and Operation.
The policy document also provides a Guidance Note for the inclusion
of VCF in projects. The Guidance Note envisages that VCF should be
an integral part of the DPR for Central Government projects as has
been stated by the Ministry of Finance in its OM dated 7 March 2017.
Source: Authors compilation based on a review of the policies/legislations.
The primary objective of these policies and legislation is to promote infrastructure
development, and land monetization is suggested as a tool to achieve this goal.
5. Comparison of Policies
Over the years, project proponents have attempted to leverage the potential upside
from increased land value due to infrastructure developments and have structured these
increases as a source of revenue for the project. The project structures have attempted to
balance concerns of the community and the political class pertaining to displacement and
inequity. The history of policies, schemes, and laws also indicates an implicit real estate
turn in the development landscape, as was witnessed in other Asian countries [14]. The
following Figure 1 presents a timeline of the key projects and the policies, legislations
discussed in the preceding sections.
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Figure 1. ey projects and legislations/policies.
Most of the projects were structured and implemented before the respective policies for
land-based financing were in place. The public sector project proponents have attempted
to use land-based financing techniques in the projects, though with mixed results. The
capture of the potential upside of land value is sought to alleviate the relatively higher
capital and O&M expenditure, in relation to the revenues that are likely to accrue. The
use of such implementation arrangements has become mainstream options, though they
differ in the mechanics of the application. Only the Smart Cities Mission and the Land
Value capture Policy set out more elaborate provisions for monetizing land. However, the
inclusion of land monetization elements in various policies and legislations have begun to
appear only in the later schemes (post-2015). The permissibility of land-based financing
tools under the earlier schemes was implicit, as the same were not directly prohibited. This
points to a substantial lag between the inclination to use land monetization instruments for
promoting investment activity (or to develop infrastructure projects), and the hesitancy in
formalizing the options through well-defined policies and legislations. The approach was
noticeably cautious given the challenges and controversies involved with the acquisition,
distribution of the land, and its ever-changing value to the stakeholders concerned.
Table 4 sets out the comparison of the various policies, programmes, and schemes
on the five parameters—from whom the increased value is being recovered, who benefits
from the distribution of the land monetization benefits, how is the process linked to the
overall budgets of the project proponents, the stakeholders bearing the financial risks (of
future revenues and investments) and the stakeholders involved in governing the process.
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Table 4. Comparative Analysis of Policies.




























































































































All the land-based financing aspects of the policies at the national and state level
appear to be similar in content and process. The land value creation is proposed to be
captured primarily from the landowners and the private developers who are in the region.
There is no explicit mention/provision for widening the base to include other financial
investors, who could create additional value (for example through the issuance of bonds as
is the international practice [18], or to attract philanthropic investors [17]).
The economic value that is recovered is proposed to accrue to the city administrations,
development authorities, and other public sector parastatal agencies. There are no formal
statements on how the additional value will be distributed, and how the general public
is benefited from most policies, except in relation to the land pooling system. The benefit
to the contributors of the land value is made possible under the “land pooling” scheme
wherein the contributors have access to additional value for the portion of the land they
continue to own post-implementation of the scheme [15]. There is no specific mechanism
that has been stated in any of the policies for tax abatement to any of the contributors.
The linkage of the value that is captured through land-based financing mechanism
to the general budget or the taxation regimes is not touched upon in any of the policies.
While there is an assumption that all the additional cash flows due to these activities will
go to the consolidated fund of the various governments, there are no stated commitments
to ensure that these additional sources are not spent on unrelated activities. The process
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appears to be at a preliminary stage of evolution. The policymakers are yet to set out the
mechanism for investigating the relative advantages of land monetization options and to
assess the impact of these choices on the wider society. Accordingly, the financial risks
remain with the project proponents.
The governance of land-based financing structures has been retained by the govern-
ment across all the policies. While there is no specific mention of region-specific urban
development authorities to be created, such institutions exist across the country and have
been used in the case of Amaravati city development [15]. Such institutional structures have
added flexibility in raising capital, managing the project more efficiently, and insulating
financial expenditure from the influence of political exigencies.
There have been substantial gaps in policy and planning with respect to incorpo-
rating land as a revenue source in the policy and legislative frameworks. Since urban
development is a state subject, much of the federal schemes and guidelines highlight the
need for adopting innovative land monetization principles but do not set out the finer
implementation details. It is left to the states, to incorporate these principles based on
their local context, relevance, and suitability. Many states have appropriately modified the
relevant tax codes and other legislations to enable land value capture, though some are
yet to initiate action. Therefore, at the state level, there is a wide disparity among states in
their readiness to adopt or integrate land monetization approaches in their planning and
project designs. While the value capture policy guidelines mention that land monetiza-
tion principles should be an integral part of an assessment for all projects of the central
government, the individual schemes under which projects are submitted (by individual
states/departments) to the central government, do not insist on the same being an integral
part. Therefore, there is some dissonance in the translation of a policy of the central gov-
ernment with policies/schemes of other departments. The dissonance only increases at the
state level, where each state has different enabling mechanisms for promoting land-based
revenue instruments.
In summary, the policies in India have lagged behind the projects in terms of incor-
porating land-based financing aspects. Driven by fiscal constraints, most states are now
exploring various elements of land value capture to be included in their policies, though
the Government of India policy on land value capture is dedicated to this aspect. The policy
landscape appears to be in the initial stages of evolution and is yet to reach a higher-order
process supported by appropriate legislations for mainstreaming land-based financing
mechanisms in the design and planning processes. [8,16–18].
6. Policy Implications
For governments to use land-based financing tools effectively, it needs to be sup-
ported with appropriate laws/legislations or executive orders permitting value capture
methods (through tax and non-tax revenues) and earmarking/distributing funds for spe-
cific projects/developments. Further, policies need to be formulated to provide a clear
roadmap for (a) capturing the value (b) collecting the fees or charges (deposited to the
consolidated funds of the state), (c) earmarking funds for specific projects/developments,
and (d) ensuring timely disbursement of funds to project implementing agencies (through
budgetary allocations or establishing project-specific funds/accounts) [8,16–18]. To enact
the policies requires a strong institutional framework and collaboration between different
stakeholders [2].
A reflection into the project structures and the elements of the national and sub-
national policies in India, and in international markets brings to the fore the conflicts
between incorporating the private sector motivation of profit maximization against the
public sector responsibilities for equitable access to ecosystem services and weaving these
into state planning and policy statements [13]. In the Atlanta Beltline project, the project
proponent has not made any provisions for reducing the negative effect of increases in taxes
of low-income households or capping of any rents along the project influence area [17].
The extent of the control that the project proponent has over the land markets and the
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autonomy of these proponents in making appropriate changes is limited in most countries
given the distribution of powers across various tiers of governance. [14] This aspect of
control can provide a layout of how the policies can span out in addressing issues relating
to the core principles of SDGs (equity, access, efficiency, sustainability, and delivering
public value) [31]. These aspects need better articulation in most instances. All of these
guiding principles have a continuum with low to high ends of spectrums, providing a
framework for understanding when and to what extent the public sector planning and
policy framework can embed the land-based financing elements. An indicative framework
to analyze the incorporation of land monetization elements in policy is set out in Figure 2.
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t t t e principles that define th expec ations of and responsib lities
towards various stakeholders concerned. These ri ci l t ilosophy
of SD s [5] and also reflect the intents of many governments. The land-based financing
aspects oul nee to provide equal access to all, be sustainable and follow an effective
process that continuously delivers public value.
The operational ele ents of the fra e ork relate to the evaluation of enabling land
governance structures, addressing potential risks and challenges, defining value recovery
and allocation process, supporting the i ple entation of various national and regional
level urban develop ent progra es, and promoting collaboration between different
stakeholders. The land governance structures define the extent of control or ownership
of the land and real estate resources, and the flexibility of the policymakers in adapting
the resources for use of non-state stakeholders. The ownership patterns of land (widely
diffused through a diverse cross-section of public, private, and community owners, with
substantial informal claimants in India [9]) renders the policy development more con-
strained. The fragmented nature of the ownership and more often than not, the unequal
impact of land acquisition and land value increase is visible across most developing na-
tions [14] An evaluation of the potential risks and challenges through the lens of guiding
principles would keep the frame of evaluation grounded to the desired outcomes. In the
instances where the public sector does not have substantial direct control of land, the
policy initiatives have been focused on the greater role of private lands, as witnessed in
the contents of the land value capture policy of the Government of India. The ability of
the non-government stakeholders to influence the policy dialogue has been very minimal,
even though the practice of contesting the implementation has been substantial [13]. A
quantitative evaluation of the value recovery and the mechanics of the allocation across
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various stakeholders is essential to understand and configure the project structures and to
promote sustainability of the land-based financing mechanisms. A broader perspective
of how these elements support collaboration with prevailing or anticipated government
rejuvenation programmes indicates the inclusiveness of the policy. A proactive approach
to governing the land monetization process, with supporting institutional and regulatory
aspects would provide a feedback overlay for the assessment.
7. Summary and Conclusions
The purpose of this research article is to sketch out the broad direction of how the
various policies and legislations incorporate the land-based financing elements, given
the projects being implemented are actively adopting such mechanisms. The increase
in attention to land-based financing models and the adoption of land monetization in-
struments generally coincided with the development of infrastructure projects under the
public–private partnership arrangements. The stress on finances of the project proponents
coupled with the anticipation of upside in the land values post-implementation of infras-
tructure projects has given way to consider land as a revenue source, rather than just a
factor of production [9,13]. The viability assessment of the projects, particularly those in
the transport sector, improved substantially with the addition of a real estate component.
The institutional, governance, and policy formulation practices present in India are re-
flective of similar structures prevalent in Asia and other developing regions. Development
agendas of many countries are moving in a similar direction, so are the challenges that
they encounter in accelerating political and administrative actions. The use of land-based
financing elements without appropriate structuring could lead to sub-optimal distributive
justice to all the stakeholders concerned. The policies need to strike a balance between
increasing the burden on the adversely affected landowners and users, while not exagger-
ating the benefits derived by those who are advantageously placed to the intervention. A
framework that encompasses the generally accepted guiding principles for analyzing the
extent to which the land-based financing elements could be incorporated in their respective
policies and legislations could provide the policymakers and public sector project propo-
nents a tool to comprehensively assess their needs, opportunities, and constraints. The
project proponents also need to be conscious of how the financial risks are identified and
borne, which ecosystem services are receiving lower funding due to the land value increase
interventions [16]. A holistic assessment needs to be undertaken before incorporating
land-based financing elements in policy to balance the realities of the contributors to the
land value increments, and broad basing the beneficiaries pool (to include wider society
where appropriate through lower taxes or better ecosystem services).
A reasoned discussion with stakeholders while framing the policies, supported by po-
litical advocacy, will lead to a more efficient public investment process. With the increasing
attractiveness of land monetization options for funding economic growth, many developing
societies will need to balance value capture with the expectations of affected stakeholders.
This research contributes to the ongoing discourse of systematically understanding the
elements for formulating public policies on land management.
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Abstract: While Ecosystem Services (ES) are crucial for sustaining human wellbeing, urban devel-
opment can threaten their sustainable supply. Following recent EU directives, many countries in
Europe are implementing laws and regulations to protect and improve ES at local and regional levels.
However, urban planning regulations already consider mandatory compensation for the loss of
nature, and this compensation is often restricted to replacing green with green in other locations.
This situation might lead to the loss of ES in areas subject to urban development, a loss that would
eventually be replaced elsewhere. Therefore, ES assessments should be included in urban planning
to improve the environmental conditions of urban landscapes where development takes place. Using
an actual planning and development example that involves a proposed road to a restructured former
industrial area in Bochum, Germany, we developed an ad-hoc assessment to compare a standard
environmental compensation approach applying ES. We evaluated the impact of the planned con-
struction alternatives with both approaches. In a second step, we selected the alternative with a lower
impact and estimated the ES losses from the compensation measures. Our findings show that an ES
assessment provides a solid basis for the selection of development alternatives, the identification of
compensation areas, and the estimation of compensation amounts, with the benefit of improving
the environmental quality of the affected areas. Our method was effective in strengthening urban
planning, using ES science in the assessment and evaluation of urban development alternatives.
Keywords: compensation measures; urban resilience; urban development; impact assessment
1. Ecosystem Services for Cities
Ecosystem Services (ES) science has provided a framework and empirical evidence for
analysing, discussing and communicating environmental trade-offs arising from alternative
development options in several planning contexts [1–3]. Resilience, sustainability and
quality of life can be greatly improved in urban areas by including ES assessments [4,5].
Urban planning can benefit from the adequate use of the ES framework. Urban areas need
to improve the application of laws and regulations following EU-directives to protect and
improve the natural environment at local and regional levels [6,7].
This paper uses the ES concept in a practical way to illustrate its potential to support
decision-making. The aim is to present a clear way to apply the ES framework in an actual
urban development case to show the benefits of such an approach. We apply the ES concept
in a real planning case study using a procedure that is ready to implement and easy to
understand, avoiding unnecessary conceptual and operational complexity. Our approach
can be used by a broader community of scholars and decision-makers who might not
necessarily be familiar with the ES concept. We present the ES concept, focusing on how it
can be implemented in practice for urban planning and the necessary steps to follow.
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1.1. Ecosystem Services Assessments
ES are the benefits that society obtains due to the functioning of healthy ecosystems [8].
ES can be classified to assist in assessing them. The Economics of Ecosystems and Biodiver-
sity (TEEB) and the Common International Classification of Ecosystem Services (CICES) [9]
are two broadly accepted classification systems. We used the CICES, which classifies ES
into three groups: provisioning Ecosystem Services (P-ES), regulating Ecosystem Services
(R-ES), and cultural Ecosystem Services (C-ES) [10,11]. CICES version v5.1 offers a de-
tailed and extensive list of ES that can be applied to identify relevant services in several
geographical settings.
In the context of urban planning, the assessment of ES should always start with screen-
ing, identifiing and selecting relevant ES. This is a fundamental starting point, because
ES are always context-specific. This means that the presence, intensity, distribution, and
relevance of ES change from location to location [12]. ES also change due to land manage-
ment practices or urbanisation intensity [12,13]. A good practice for sound identification is
to refer to an established classification system, such as TEEB or CICES. Using a validated
classification of ES can help ensure a systematic screening process that does not leave out
any important service, and that help avoid the inclusion of benefits that are not ES. Having
a consolidated list of relevant ES a follow-up good practice is to perform an exploratory
assessment to provide a sound evaluation of ES intensities that can help in further prioritiz-
ing and mapping ES. Many studies have applied these two steps using expert assessments
and the matrix approach [3,14,15]. A pool of experts can select relevant ES in a study area
and score the intensity of the ES. The matrix approach can link such scores to specific land
use/land cover (LULC) to map the spatial distribution of ES. Preliminary scoring and
mapping of ES using the matrix approach have been shown to have high concordance with
biophysical estimations [16]. These steps can be a robust guide in further evaluations and
biophysical quantifications of ES in a more detailed analysis.
1.2. Ecosystem Services for Spatial Planning
The capacity of the ES framework to assist in decision-making in several fundamental
aspects of urban development, such as green infrastructure, climate change adaptation
and sustainable urban development, has been largely confirmed [4,17–20]. ES can greatly
help planners understand the dynamics of decision-making in complex eco-sociotechnical
systems [21]. In concrete terms, in the context of planning, ES knowledge can have both
conceptual and instrumental uses. The conceptual use of ES is aimed at broadening un-
derstanding to shape decision-makers’ and stakeholders’ thinking. The instrumental use
of ES is focused on supporting the decisions between policy options regarding gains and
losses, and involving concrete decision options [22]. To have practical instrumental value,
ES information must be presented in a meaningful manner [23] and be ready to be applied
in real-world situations. However, there is a need for feasible methods, models and applica-
tions that can assist planners in the practical implementation of ES science [21]. Empirical
evidence shows that there are several problems, such as data availability, uncertainties,
and, most importantly, difficulties in translating abstract scientific knowledge into practical
applications and linking assessments to the characteristics of a specific local context, that
planners face when attempting to use ES knowledge [24]. Furthermore, the ES concept
cannot easily be translated into a legal framework and technical guidelines established as
routine workflows in cities and regions [18].
The ES framework can link environmental aspects under an urban development
perspective to better understand their effects on human wellbeing [25]. Integrating ES
into urban planning can provide important benefits, such as (1) supporting the imple-
mentation and design of adequate measures to address current urban challenges, such as
climate adaptation; (2) enhancing the transparency of trade-offs and cobenefits arising from
urban development, while increasing awareness about the hidden or underrepresented
values of nature that could eventually be lost; and (3) directly addressing issues of environ-
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mental justice in land-use change decisions through the identification of ES demand and
supply [19].
The need to incorporate ES into urban planning is not only related to the desire to
improve practice with new knowledge. The inclusion of ES in policymaking has already
resulted in important policy recommendations in the EU. The EU Biodiversity Strategy for
2030 explicitly addresses the need to incorporate ES mapping, monitoring and assessing
into policy making; action 7 aims to ensure no net loss of biodiversity and ES [26]. The Ter-
ritorial Agenda, a strategic policy document for guiding the spatial planning in regions and
communities in Europe, explicitly highlights the relevance of ES to ensure their provision
and public awareness of them [27]. Finally, the EU guidance on integrating ecosystems and
their services into decision-making outlines concrete actions for the integration of ES into
a range of decisions at different levels and areas, including spatial planning. This report
emphasizes the inclusion of ES within existing planning frameworks to avoid the gener-
ation of parallel processes and assessments [28]. There is a set of criteria for addressing
the potential negative impacts on ES. This mitigation hierarchy includes: “(1) Avoidance:
measures to identify and completely avoid detrimental impacts from the outset, such as careful
spatial placement of infrastructure; (2) minimisation: measures to reduce the duration, intensity
and/or extent of detrimental impacts (including direct, indirect and cumulative impacts) that cannot
be completely avoided; (3) rehabilitation/restoration: measures to rehabilitate degraded ecosystems or
restore cleared ecosystems following impacts that could not be completely avoided and/or minimised;
(4) offsetting: measures to compensate for residual, significant, adverse impacts that could not be
avoided, minimised or restored. Measures to overcompensate for losses can also lead to net societal
gains by their contribution to well-being and prosperity” [29]:13. This mitigation strategy is
aimed at ensuring an increased delivery of multiple ES. On the other hand, according to
this report, only a “few cities have prioritised access to nature as a central objective of urban
planning.” [28].
This paper addresses three research questions: (1) how can the ES framework be
methodologically and operationally incorporated into urban planning? (2) How can the re-
sults of ES assessments be translated into urban planning tools for the public, stakeholders,
and decision-makers? (3) Can ES help avoid the environmental deterioration occurring
due to urban development?
2. Materials and Methods
The methods were designed for the instrumental use of ES, which supports deci-
sions between policy options regarding gains and losses, and involves concrete decision
options [22]. Our approach aimed to provide a sound assessment of environmental com-
pensation accounting for the eventual loss of ES due to urban development. The approach
was based on the analysis and selection of the best planning alternative by weighing the
impacts of each development option in a comparative approach. The positive and negative
environmental effects of the project to be implemented were investigated and compared
to choose, modify, or reject the planning ideas. We used a double method to assess the
impacts of the planning ideas. In the first assessment, we used a standard approach to
calculate the environmental compensations; in the second assessment, we used the ES
framework. We illustrated our method by using an example from Germany’s Ruhr region.
Our method is unique in that it articulates ES knowledge with a practical application based
on a real planning situation, showing how the ES framework can support decision-making.
2.1. Case Study
The city of Bochum has 371,000 inhabitants, and it is part of Germany’s Ruhr metropo-
lis, which is one of the largest metropolitan areas in Europe with 5.1 million inhabitants.
During the 19th and 20th-centuries, coal mining and steel production were fundamen-
tal economic activities. For the last 50 years, structural economic change has driven the
closure of all coal mines and resulted in a decrease in steel production. This situation
has transformed the economic base of the city to electronic devices manufacturing and
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car production, with a more diversified sectoral mix, including service industries and
universities, as a part of the knowledge-based economy.
The study area is located in the eastern part of Bochum. It can be considered a typical
example of “glocalisation” [30], depicting the local effects of economic globalisation. The
multinational GM/Opel car factory is located at two sites within the city of Bochum,
covering an area of approximately 100 hectares. After the company decided to end car
production at the end of 2015, one site was given up, and the other site was developed
to serve as the European logistics centre for the distribution of spare car parts and a
new industrial area. The existing access road connecting the site by the freeway crosses
a residential area, and will become overloaded by increasing traffic. To ameliorate the
environmental impacts, four alternative corridors have been discussed. The four planning
alternatives for the access roads to the former factories are generally presented in Figure 1.
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the GM/Opel European logistics centre are under discussion (A1, A2, A3 and A4). Satellite imagery: ESRI, DigitalGlobe,
GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community.
2.2. Mapping Urban Structural Types
We delineated the area named Lagendreer-Werne with a total surface area of 1632
hectares. We mapped the entire area in several field campaigns. This detailed mapping
effort yielded several LULC classes. We grouped the LULC according to 22 urban structural
subtypes (USSs), representing urban morphological units that embody the characteristics
of the urban structure. The characteristics of urban structural types were related to factors
such as the surface materials, the internal configuration of diverse open and sealed patches,
the height of vegetation, and height [31]. We further differentiated the USSs listed in
Table 1. A visual field survey was conducted after preparatory mapping based on aerial
photos. Among the USSs, we identified open space, which normally contains the highest
environmental values (Table 1).
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Table 1. List of USSs and ES values used in the assessment. P-ES: provisioning ES; R-ES: regulating ES; C-ES: cultural ES.
Column p indicates USSs that are terrestrial open space on natural soils. Values for P-ES, R-ES and C-ES are the mean of the
single ES in each of the P-ES, R-ES and C-ES groups. The range is 0 to 5. High values indicate high ES supply provided by
the USSs.
i Urban Structural Subtypes P-ES R-ES C-ES p
1 Allotment gardens 2.1 3.4 3.6 1
2 Arable field 2.0 2.8 2.3 1
3 Cemeteries 1.1 3.3 3.5 1
4 Commercial and industrial uses with a high degree ofsurface sealing 0.8 1.0 0.7
5 Detached and semi-detached houses 1.4 2.0 1.2
6 Housing complexes with green areas, e.g. row housessingle multi-story houses 1.2 1.6 0.8
7 Lakes ponds 2.1 2.5 3.8
8 Linear groves (including industrial & green buffers ofindustrial areas) 0.9 2.8 2.2
9 Mixed commercial and residential uses with a lowdegree of surface sealing 0.9 1.3 0.8
10 Parking lots and parking areas 0.2 0.4 0.3
11 Parks and green belts 1.4 3.8 4.1 1
12 Pasture and meadow 2.0 3.7 3.6 1
13 Places and squares 0.3 0.4 0.5
14 Playgrounds 0.6 1.5 2.3
15 Public buildings and public institutions 1.0 1.4 1.5
16 Railroad tracks 0.3 1.0 0.9
17 Roads 0.2 0.4 0.3
18 Sports grounds and leisure infrastructure 0.7 1.4 1.8
19 Technical infrastructure (e.g., power transformationareas) 0.4 0.5 0.6
20 Terrace houses 1.1 1.7 1.0
21 Urban forest of considerable size and compactness 2.0 4.5 4.7 1
22 Villas 1.5 2.1 1.4
2.3. Impact Assessment Using a Standard Approach
We analyzed the potential impacts of each of the four access roads using a parallel
assessment. First, the impact assessment focused on three fundamental environmental
aspects to estimate the necessary compensation, based on the protected environmental
goods in German legislation: soil, biotope and recreation. We defined a buffer area of 50 m
for each of the proposed access roads. We measured the high-quality soil, biotope and
recreation values that would eventually be lost within each of these buffer areas.
2.3.1. Biotope
A biotope is evaluated based on vegetation cover from the perspective of nature
conservation (biotope value). The value of biotopes refers to the scheme to manage
compensation used in landscape planning [32]. Biotope value depends on the degree
of naturalness, rareness, recoverability, and integrity. Biotope value is expressed on an
ordinal scale from 0 (the lowest) to 10 (the highest). Our assessment focused only on the
highest occurring biotope values (6–7 high and 8–9 very high), for which we calculated the
respective hectares. We used the detailed biotope map provided by the cities of Bochum
and Dortmund. The maps were prepared at a scale of 1:5000 and are regularly updated.
We manually determined the values of empty areas by identifying equivalent biotopes.
2.3.2. Soil Values
Soil map units include soil quality based on a long-established assessment scheme [33],
which assigns numbers according to a soil’s relative capacity to bear and sustain crop pro-
duction. Soil quality is assessed on the basis of the soil texture, which reflects a soil’s
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capacity to store plant available water and nutrients; soil parent material and soil de-
velopment also reflect natural nutrient provisioning. Climate was also considered. All
aspects were combined in a dimensionless, ordinally scaled indicator to express the relative
differences in net agricultural yield from 1 to 100. Generally, a soil map assigns one of
five land value classes to each soil unit (very low, low, medium, high, and very high). The
class, very low, did not occur in our area. The analysis concentrated on measuring the
hectares lost in areas with medium and high soil values in open spaces, as there were
no very high values areas in the impacted areas. We evaluated soil only in open spaces
because these areas have not been sealed, and, in the case of constructing the road, such
soil would eventually be lost.
2.3.3. Recreation Values
To estimate the recreational value of a particular USS, we used the assessment of cul-
tural ES, as recreation is a cultural ES. We used the values obtained in an expert workshop
with 11 scientists and professionals, as described in Section 2.4.1. We selected the five C-ES
directly connected to recreation (column R in Table 2); therefore, this recreational value
was slightly smaller than the estimated cultural ES. To estimate the recreational value, the
analysis calculated the area loss only in terms of the USSs considered open space (column
p in Table 1).
2.4. Impact Assessment Using ES
In the second step, we applied the ES land cover matrix and expert assessment
approach [14,34,35] to evaluate the impacts of alternatives and to identify potential areas
for compensation measures. The spatial scope of the compensation measures was restricted
to the analyzed area for which the identification and assessment of ES were performed.
2.4.1. Mapping ES
For the identification of relevant ES, we relied on a workshop with 11 experts in
planning and science working in the Ruhr area. Using CICES v5.1 [11], the experts identified
the 25 most relevant ES for the study area (Table 2). Then, the expert panel assessed the
potential ES supply of each USS (Table 1) using a scale from 0 to 5 (null to very high). As the
evaluations of the experts slightly differed, we averaged the experts’ scores. To calculate
the respective bundle, we average the single ES values of the ten provisioning (P-ES), nine
regulating (R-ES), and six cultural ES. Using these bundle values, we mapped the bundles
of ES following the matrix approach [3,14,15,36]. The full list of identified ES, with their
respective CICES codes, is presented in Table 2.
We calculated the total ES supply within the 50 m buffer area for the four analyzed







Ek = total ES supply in buffer k (P-ES, R-ES, or C-ES)
ai = Surface of USS i present in the buffer area k
ei = Supply of ES of USS i (according to Table 1).
2.4.2. Identifying Hot and Cold Spots of Supply
To identify the areas with the highest and lowest supplies of ES, we mapped the hot
and cold spots for P-ES, R-ES and C-ES at 90%, 95% and 99% confidence levels using the
Getis-Ord Gi* tool in ArcGIS 10.1 ©. Using this method, we ensured a spatially explicit and
meaningful identification of areas containing clusters of high and low ES supplies. These
areas were also used in the design of compensation. The analysis of hot–cold spots was
performed over a hexagonal grid of 1 ha.
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Table 2. Selected ES used in the assessment. Column R indicates the ES used to estimate the recreation value.
Bundle Class CICES Code R
1
Provisioning (Biotic)
Cultivated terrestrial plants (including fungi and algae) grown
for nutritional purposes 1.1.1.1
2 Animals reared for nutritional purposes 1.1.3.1
3 Animals reared by in situ aquaculture for nutritional purposes 1.1.4.1
4 Wild plants (terrestrial and aquatic, including fungi and algae)used for nutrition 1.1.5.1
5 Wild animals (terrestrial and aquatic) used fornutritional purposes 1.1.6.1
6
Provisioning (Abiotic)
Surface water used as a material (non-drinking purposes) 4.2.1.2
7 Freshwater surface water used as an energy source 4.2.1.3
8 Ground (and subsurface) water for drinking 4.2.2.1
9 Ground water (and subsurface) used as a material(non-drinking purposes) 4.2.2.2





micro-organisms, algae, plants, and animals 2.1.1.2
12 Noise attenuation 2.1.2.2
13 Visual screening 2.1.2.3
14 Hydrological cycle and water flow regulation (Includingflood control) 2.2.1.3
15 Pollination 2.2.2.1
16 Maintaining nursery populations and habitats (Including genepool protection) 2.2.2.3
17 Decomposition and fixing processes and their effect onsoil quality 2.2.4.2
18 Regulation of the chemical condition of freshwater byliving processes 2.2.5.1
19 Regulation of temperature and humidity, including ventilationand transpiration 2.2.6.2
20
Cultural (Biotic)
Characteristics of living systems that that enable activities




Characteristics of living systems that enable activities promoting
health, recuperation or enjoyment through passive or
observational interactions
3.1.1.2 R
22 Characteristics of living systems that enable scientificinvestigation or the creation of traditional ecological knowledge 3.1.2.1
23 Characteristics of living systems that enable educationand training 3.1.2.2 R
24 Characteristics of living systems that enable aestheticexperiences 3.1.2.4 R
25 Elements of living systems that have symbolic meaning 3.2.1.1 R
2.5. Evaluation of Compensation
We used the direct loss per buffer calculated with Equation (1) (Ek) as a value for
ES compensation. To evaluate the possible compensation for ES loss, our criteria were
twofold: (1) to maintain the same amount of ES supply existing in the selected buffer
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and that redistributed in a sector located near the buffer area, and (2) to maintain the
same amount of open space that will eventually be lost; this surface will be relocated in
the nearby impacted area. To identify the area for compensation, we used the analysis
of hot–cold spots to select the cold spot close to the selected access road. We performed
the calculations for compensation using a hexagonal grid of 1 ha. Using a grid approach
helped to understand the analyzed impacts that were more in line with aspects of urban
form, as, normally, LULC units are hierarchically arranged in space and time following six
fundamental aspects [37,38]. The hexagonal grid is a powerful tool to depict the spatial
structure of urban environments [39], because it can summarise the high heterogeneity the
land uses that occur over short distances in a comparable manner.
For the estimation of ES supply for each hexagonal cell, we used the same Equation
(1) used for the calculation within buffers. The total amount of ES to be compensated in the
new area corresponded to the total amount of ES in the respective buffer (Ek), an assumption
that only maintains the current situation—no quantitative ES improvement. This ES total
amount was the sum product of the ES (P-ES, R-ES and C-ES) and the respective surface in
hectares covered by each of the USSs within the buffer. To estimate the amount of ES to be








(m + |p|) (2)
where:
Ec = ES to be compensated in cell h (P-ES, R-ES, or C-ES)
eh = existing ES supply in cell h (calculated with Equation (1))
Ek = total supply of ES in buffer k (P-ES, R-ES and C-ES respectively
ei = ES supply of open space USS (Table 2, P-ES, R-ES, C-ES where p = 1)
m = number of cells in the cluster to be compensated
p = number of cells to be replaced with open space, as shown in the following:
p = |pk| (3)
pk = number of open space USS (Table 1), and
k ∈ Z: 1 ≤ i ≤ 5.
Then, the new ES value per cell to be mapped was:
Et = Ec + eh (4)
3. Results
3.1. Land-Use Change Impact
The study area contained a core of residential and industrial uses surrounded by open
spaces. Massive railroad infrastructure running from East to West separates the area into
two parts. The three predominant USSs were “housing complexes with green areas”, e.g.,
row houses and single multi-story houses, “arable fields”, and “urban forest”, covering
17.8%, 13.8% and 12% of the total area, respectively. Open space covered 36% of the total
area at approximately 591 ha (see Figure 2).
Due to the particular spatial distribution of the USS and the differences in the surfaces
covered by each of the proposed access roads, the potential impacts in terms of land-use
change varied. Access A1 will affect 25.2 ha, of which 3.8 ha (15%) corresponds to open
space. In the case of A2, the area impacted will be 25.3 ha, containing 7.7 ha (30%) of open
space. Access A3 will affect 16.6 ha and 8.9 ha (53%) of open space. Access A4 will affect
15.8 ha, and the open space within that area is 6.4 ha (40%). In terms of absolute open space
impact, alternative A1 has the lowest impact, followed by alternatives A4 and A2, while
alternative A3 has the highest impact (see Figure 3).
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The USS most impacted by A1 was “commercial and industrial use”, accounting for
5.6 ha and 22.4% of the t tal impact d are . In the case of A2, the USS most imp cted
was “urban forest”, with 7.2 ha (28.3%) affected. A3 impacted 4.2 ha (25.5%) of “arable
fields”, while A4 also impacted “commercial and industrial uses” at a simil r amount as
that of A1 at 5.6 ha (33.6%). In terms of the impact on the USSs classified as open space,
A2 had the highest impact due to the 7.2 ha of urban forest affected. The second-highest
impact occurred with A3, due to the impact on “allotment gardens” and “arable fields”.
A4 impacted 3.6 ha of pastures and meadows, and, finally, A1 had less of an impact, with
1.7 ha of “urban forest” and 0.5 ha of “allotment gardens” affected.
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Figure 3. The USSs area lost from the development each of the access roads. Only the first three larger USSs in each
alternative were plotted.
Impacts on Soil, Biotope and Recreation
When the assessment included the quality of the impacted areas in terms of soil,
biotope and recreation, the situation was similar to that described above. Figure 4 shows
the highest and the lowest impacts of the access roads, according to the respective losses
in terms of hectares, of high-quality soil, biotope and recreation. The most severe losses
of good quality soil, biotope, and recreation were connected to A2, which had substantial
impacts. The lowest impact for the three analyzed variables was found again in A1.
High-quality soil will be impacted most by A3.
3.2. Impacts on ES
In this section, we assess the impacts on ES, quantifying the impact of each of the
access options in terms of P-ES, R-ES and C-ES (Figure 5). Similar to the previous analysis,
A2 had the highest impact. However, the situation regarding the lowest impact changed,
with A4 having the lowest impact. Considering the impacts in terms of ES bundles, A4
showed the lowest impact for P-ES and the second-lowest impact for R-ES and C-ES.
3.3. Analysis of Compensation Areas using ES
The spatially explicit assessment of ES using the hexagonal grid in the whole study
area is presented in Figure 6, in addition to the analysis of hot and cold spots for provi-
sioning (P-ES), regulating (R-ES), and cultural (C-ES) services. The results show a strong
contrast between densely settled and industrial areas that produce cold spots, with the
lowest ES values in the core, and the open space at the outskirts that concentrate the hot
spots with the highest ES values.
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Figure 5. Impact of access roads in terms of ES. The impacts in terms of R-ES and C-ES for A4
are slightly higher than those for A3. Values for the P-ES, R-ES and C were calculated using
Equation (1) (Ek).
To illustrate our scheme of on-site compensation measures, we used A4, the alternative
with less impact in terms of ES, according to our previous analysis. As a compensation
area, we selected the hexagons present in a C-ES cold-spot cluster directly impacted by A4
(Figure 6). This cluster contained 63 hexagonal cells. We evenly distributed the amount of
ES losses within these 63 cells. The amount to be compensated corresponded to the total
sum product of the ES values per the USSs, P-ES, R-ES and C-ES, which are presented
in the table in Figure 5. To fulfil the requirement of no net loss of important open space,
we considered the replacement of the existing 3.6 ha of “pastures and meadows” and the
2.8 ha of “urban forest” that corresponded to the 6.4 ha of lost open space contained in
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the A4 buffer (Figures 3 and 5). Each hexagonal cell was 1 ha, which corresponded to four
complete cells of a new urban forest, and three new cells of pastures and meadows. We
discounted the supply of the new urban forest and pasture and meadow cells from the
total ES amount to be compensated. The remainder was evenly distributed within the 56
target cells.
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tion. The spatial structure of the ES describes a doughnut effect, with the outer areas form-
ing a ring of hot spots and the inner areas containing cold spots. In the previous step, we 
selected alternative A4, which provided the amount of ES to be compensated. Once this 
compensation of ES was added to the selected cells, the existing cold spot was severely 
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The central r w in Figure 5 shows the analysis f cold–hot pot without compensation.
The spatial tructure of the ES describes a doughnut effect, with the outer areas form ng
a ring of hot spots and the i ner areas containing cold spots. In the previous step, we
selected alternative A4, which provided the amount of ES to be compensated. Once this
compen ation of ES was added to the selected cells, th existing cold spot was severely
reduced. In the case of R-ES and C-ES, a new, small hotspot was generated in the area. This
n w small hot spot means that the improvement i the ES supply in the impacted area was,
therefore, substantial.
4. Discussion
To be meaningful for society and decision-making, ES assessments should avoid the
impulse to “distil the value of nature into a number (monetary or otherwise), and then
com unicate that number broadly” [40]. Alternative approaches to a single monetary
value are better for considering what people care about in terms of specific decisions
at stake, thus linking ES with social considerations. While ES science has evolved in
meaningful ways to fulfil the promise of supporting decision-making, it is necessary to
advance better characterizations of ES change, coupled with multimetric and qualitative
context-specific valuations [40].
ES mapping has been increasingly used to assess and predict the expected impacts
of urban development as a way to increase the quality of planning decisions [25,41]. The
paradox of urban development is that attempts to increase the quality of urban environ-
ments can, at the same time, harm ES by sealing soil, fragmenting habitats, losing open
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space, and diminishing important vegetation structures, and, therefore, threaten human
well-being [25,42].
Our empirical, methodological approach can counteract urban development short-
comings in a sound environmental compensation manner that accounts for the losses of ES.
The proposed consideration of the spatial distribution of ES in a wider area surrounding a
site that is affected by land-use change broadens the perspective. Our assessment gives an
overall picture of an area’s environmental situation, allowing multiple possible analyses of
environmental performances, risks and strengths. We illustrated only three environmental
aspects: soil, biotope and recreation. Similar studies have proven ES mapping a powerful
input for scenario evaluation [3]. Here, we demonstrated that ES mapping using expert
assessment can assist in evaluating possible impacts arising from urban development
and in analyzing compensation. We presented two ways to analyze the impacts of urban
development, with contrasting results. One way was based on the area-weighted loss of
protected environmental goods, and the other way highlighted the impacts on ES. The
merit of an ES assessment, as analyzed in the introduction (Section 1.2), is that it integrates
into the decision-making process the hidden or underrepresented values of nature that
could eventually be lost. Our analysis also included the full spectrum of USSs and the
respective benefits that society receives from ecosystems in such areas. An analysis based
on expert assessments of ES and the LULC matrix is highly correlated with biophysical
measurements [16]. Therefore, our assessment is suitable for rapid preliminary evaluations
and can be complemented or improved with biophysical measurements of key ES for a
more complex analysis.
4.1. Limitations
There are two general limitations to consider when using our approach. The first
limitation is that we used a general delineation of the planned roads. A more detailed
assessment should use the exact delineation as detailed in engineering plans. The second
limitation is that we did not assess in detail the area compensated in terms of USSs. In
general, it is always possible to increase the supply of ES by including NbS in existing urban
areas. However, a detailed estimation is necessary according to specific urban morphology.
4.2. The Role of Participatory Processes
Public participation can be greatly supported by using ES as a basis for guiding
discussions and focusing on synergies and trade-offs between development options and
stakeholder groups [1]. Our method allows the integration of civil society, a key aspect of
participatory planning [1]. In the participatory process held in urban planning, argumenta-
tive lock-in-situations can block sustainable urban development. Environmentalists and
environmental authorities remain in fierce opposition to municipal development agencies
and developers. The former focuses on protection; the latter favours using open space
for urban development while offering new economic possibilities and jobs. As a conse-
quence, and due to powerful lobbies, city councils often overrule environmental concerns.
Consequently, there is progress for one group of stakeholders only, at the expense of the
other groups. We illustrated the procedure with an actual case study, with results that can
feed a participatory process. Our method allows the use of participatory planning, where
stakeholders and experts can identify development alternatives that could be judged by
citizens assisting in a structured decision-making process that is value-focused, i.e., able
to express what matters to people, and analytic, i.e., ascertains trade-offs between alterna-
tives, as suggested by Chan [40]. Such an approach, where ES “values drive alternative
scenarios and spatial analysis of benefits and costs” [40] holds the potential for reducing
the social impacts brought on by urban development [1]. The theoretical basis of the ES
framework is robust, but to put it into practice requires the involvement of key agents of
development [43].
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4.3. Environmental Encroachment Paradox
The assessment of environmental impacts induced by land-use change, such as the
construction of road infrastructure, requires the inclusion of neighbouring areas that are
spatially and functionally related to the directly affected site, and the taking into account
of the urban context of urban transformations at larger scales. When ES are not assessed in
areas where urban development takes place, the supply of ES might be reduced, affecting
the well-being of residents. This local loss of ES can occur even if the overall ES supply
remains equal or has been improved at larger scales.
The traditional approach of environmental impact assessments is to assess and judge
possible encroachment on the environment expected at specific development sites. Manda-
tory compensation for the loss of nature (e.g., according to Directive 2011/92/EU) [44] is
often restricted to replacing urban green spaces by improving rural or peri-urban green
spaces, as in the case of German legislation [45]. According to the current legislation
in Germany, compensation is restricted to the encroachment of legally protected goods
(people and especially human health, animals, plants, biodiversity, soil, water, air, climate
and landscape, cultural heritage and other properties, as well as interactions between
protected goods) and must be carried out by balancing the loss of biotopes by increasing
the quality of biotopes in other places. Typical compensation measures are planting trees,
creating artificial wetlands, and transforming arable fields into species-rich meadows, or
simply compensating by setting aside money for nature conservation purposes without
any direct localised effect. These sites do not necessarily need to be close to the area
of environmental encroachment. At the moment, even eco-accounting between distant
locations and monetary compensation is legally possible. The highly valued vegetation
will be placed far from the location of encroachment, making the compensation measures
from such assessments lead to an upgrade in the quality of already existing open and green
spaces elsewhere. Consequently, the environmental quality of the directly affected people,
those living in the affected area, would not profit from such compensation. Thus, benefits
may not be noticeable on or near the site impacted by the land-use change. Eventually,
shifting compensation in distant areas means a deterioration of the supply of ES in the
affected area.
Such legally binding, mandatory compensation for the loss of nature has several
shortcomings: (i) compensation is carried out by replacing vegetation with vegetation;
(ii) the loss of ES in areas to be developed is neglected; and (iii) the current environmental
status is not improved. Vegetation and protection of species serve as the main indicators
of the value of green elements. The degree of compensation is usually calculated by
multiplying the biotope value with the area of the lost urban green space, neglecting other
ES; and (iv) in practice, compensation is allowed to occur in distant areas, far from the
affected site. In contrast, we suggest that compensation should include measures that
maintain or eventually improve the environmental and living conditions in the affected area.
Such measures could include countermeasures against urban heat islands, the realisation
of nature-based solutions (NbS) against urban flash floods, reclamation of brownfields,
river restoration, and other NbS. Using an ES assessment, it is possible to improve existing
environmental quality in the affected areas. Our method goes beyond the calculation of
impacts for each variant. We show how urban development can contribute to improving the
overall environmental situation of areas subject to development, using the ES framework.
The consideration of the broad spectrum of NbS, along with ES supply, can open a vast
range of possibilities for compensation. Admittedly, regulations that define compensation
measures might have to be diversified, and practice in municipal administrations and
consultancies needs to be adapted, for the ES concept to unfold its full advantage.
4.4. Estimating Urban Development Compensations with ES
To apply the ES framework in urban settings, it is necessary to include all types of
urban areas belonging to the urban ecosystem, to consider the full spectrum of land-uses
and not restrict the analysis only to the urban green space, as normally occurs [37]. Dif-
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ferent degrees of urbanisation will deliver ES at different intensities, which can be higher
for some bundles, such as cultural services, or lower for others, such as provisioning
services [12,31,36]. Restricting the analyses only to green areas is a conceptual and method-
ological shortcoming which constrains the chances to ameliorate development alternatives
in the places where it is needed. Furthermore, combining compensation measure deter-
mination with an ES assessment can improve preexisting situations, as we have indicated
with our analysis.
Our approach ensures that the supply of ES will be maintained in the impacted areas,
considering the broad spectrum of USSs. This means that the benefits of nature can be
found everywhere. The relevance lies in the amount of ES—to maintain or increase when
the amount is too low. Nature is not restricted to open space.
In our approach we considered no net loss of ES, i.e., maintaining the existing supply.
It is also possible to apply this procedure to improve an existing situation. This could be
realized by introducing a coefficient defining a target for ES improvement in the specific
compensation area, or by targeting specific cold spots to transform them into hot spots.
4.5. ES and Urban Form: Spatial Distribution Matters
Enhancing the supply of ES in urban environments involves aspects of spatial distri-
bution. In our approach, we maintained the same amount of preexisting ES that had been
relocated to a nearby area previously identified as a cold spot for cultural ES. The analysis
of cold and hot spots after the calculation of the compensation showed that the former
cold spot was diminished in size, and partially transformed into a hot spot. This outcome
indicated a substantial change in the spatial structure of the ES supply. It also showed that
the supply of ES can be enhanced, even when no explicit quantitative improvements are
considered, because a spatial structural assessment was involved in the supply of ES. Our
results are in line with those in a similar study by Thomas [46], which showed that only
by changing the spatial distribution of ES supply areas can the overall supply be altered,
enhanced or diminished.
5. Conclusions
Our findings are relevant to research on the spatial structure of urban ES and the
changes introduced by urban development. The peculiarities of the spatial structures found
in urban areas, high heterogeneity, and complexity over relatively short distances, make
the urban form a fundamental aspect to consider within ES assessments. Using USSs and
a matrix-based approach for the assessment of ES allows the incorporation of the urban
spatial structure that underpins the supply of ES. In our assessment, we illustrated how
the selection of road alternatives can be improved by using an ES framework.
Our method illustrates how to improve planning procedures using an ES based ap-
proach. The suggested methodology is meant to counteract some of the shortcomings of
traditional, legally binding regulations for environmental compensation due to urban de-
velopment. Our method aims to strengthen urban resilience with a holistic understanding,
using ES. The advantages of our method are the following: (i) not restricting compensation
to merely accounting biotopes, but considering a wide range of ES; (ii) taking into account
the overall spatial distribution of ES in the affected area in the search of legally manda-
tory compensation; (iii) highlighting synergies and trade-offs and allowing for NbS and
strategic implementation of green infrastructure measures to leverage co-benefits [47]; and
(iv) providing compensation near the affected locations.
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Abstract: The current crisis of worldwide agglomeration and economic, spatial, and ownership
factors, among others, mean that there is usually a shortage of new green areas, which are socially
very beneficial. Therefore, various brownfields or degraded lands along public transport routes, e.g.,
tram lanes, are effectively transformed for this purpose. The significant potential of tram systems is
that they can became a backbone of green corridors across the city. This case study of the Warsaw
tram system (total length over 300 km of single tracks in service in 2019) enables us to simulate
the potential growth of a biologically active area connected with an increasing share of greenery
around tram lanes in Warsaw. Experience allows the authors to present the types of greenery systems
based on existing and future tram corridors best suited for this city. The suggested usage of tram
lanes as green corridors is in line with the generally-accepted concept of urban green infrastructure.
Therefore, the aim of the authors is to present in a condensed fashion their views on a very important
issue within the program of the revitalization of the Warsaw landscape by converting where possible
the existing tram lines, as well as planning new ones according to the “green point of view”.
Keywords: cityscape visual perception; green infrastructure; linear parks; sustainable landscape
planning; tram lanes; Warsaw
1. Introduction
Warsaw, Poland’s capital, has a unique character as it was almost totally destroyed
during the German occupation (the World War II period). Reconstruction of its infras-
tructure took decades and still is not complete. In addition, progression of the town’s
growth could not be based on the development of the existing structure, including the
transportation system. The authors strongly believe that the growing demand for moving
masses of people around the city is best fulfilled by the modernization and construction of
the tram lines.
In the last few decades, there has been a fundamental change in the concept of de-
signing tramway networks all over the world [1–5]. Concerning trams, passenger and
environmentally friendly solutions are introduced by increasing accessibility, improv-
ing travel efficiency, and reducing energy consumption, thus reducing environmental
costs [1–8]. The use of the multi-factor analysis method at each level of tram route planning
and extensive promotional and information campaigns cause tramways to receive more
and more social attention, as does the involvement of future passengers in the open debate
at the design analysis stage (e.g., [5,7–11]). In this context, it is no exaggeration to say
that the tramway as a form of public transport becomes a stimulus for developing and
revitalizing cities [4,12]. Despite the multitude of solutions used in different countries,
there are some similarities between them. One worth noting is the adaptation of degraded,
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fragmented, and marginalized space around buildings and elements of technical infrastruc-
ture within tram routes, and incorporating them again into the urban composition [1,2,4,5].
By introducing linear green systems accompanying tram lanes (insulating, ecological, and
decorative functions) and new publicly accessible places for recreation and relaxation, a
new quality in urban planning is achieved, which is also particularly important for the
social quality during the COVID-19 pandemic [13–16].
The crisis of urban and industrial agglomerations observed worldwide at the turn
of the 21st century manifested itself in several severe dysfunctions. Therefore, in the 21st
century, there is a growing need to transform cities towards restoring the urban landscape’s
harmony and improving the inhabitants’ living conditions. Among others, a skillful
transformation with a humanistic approach to the entire complex cultural and natural
structure of the urban fabric is needed (e.g., [17–22]). Phenomena such as the intensified
global migration of people to cities (ca. 5.0 billion in 2030) [7], rising energy prices, and the
degradation of the environment and landscapes—a light-hearted instrumental approach
to natural resources [23]—overlap with the already existing various shortcomings of the
existing functional and spatial solutions in cities, such as the density of buildings in city
centers or the phenomenon of “urban sprawl” [13,14,20,22,24].
One of the ever-present problems is the inadequate development of urban public
transport systems, which must continuously be adapted to the arising social needs in
terms of quality and efficiency (e.g., [1,4,16,25–27]). It is already estimated that urban
transport systems worldwide have such a significant impact on the environment that
they are responsible for 20–25% of global energy consumption, CO2 emissions to the
atmosphere, gaseous pollutants (e.g., polycyclic aromatic hydrocarbons—PAHs), and dust
(e.g., particulate matter—PM) [27–35]. For these reasons, urban transport based on private
cars and diesel buses is gradually becoming a thing of the past [2,3,6,9]. The future of urban
passenger transport involves four areas that are developing very rapidly: electrification,
autonomy, connectivity, and sharing [8].
In line with the concept of “sustainable transport”, which is increasingly used all over
the world and is part of “smart cities” of the future, the aim is to create a public transport
systems with a balanced impact on society, the environment, and climate [5,36]. There are
attempts to combine specific engineering solutions, such as linear technical infrastructure
with vegetation (e.g., green tram routes—Figure 1), aimed at crossing the border between
the artificial and the natural in order to improve the quality of life on a social scale [20,21,37].
However, this is not a simple task, because it is known that urban mobility has two faces;
on the one hand, it creates and stimulates economic growth, and on the other, it can also
generate undesirable social, spatial, and environmental effects [3,4].
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Simultaneously, urban planning formulates hypotheses (which have been confirmed
many times in the past) that linear structures of public transport systems may support the
revitalization of dysfunctional urban areas. Depending on the adopted priorities, strategies,
and local spatial development policy, it is assumed that revitalizing activities will be
concentrated along selected linear structures, necessary for the city and with a wide spatial
range. It shall help connect the city’s internal districts and bind the peripheries closer
with the center [2,4,9,12,39]. For example, in the last several decades in urban planning
in Europe and various regions of the world, a very positive, relatively new, and growing
phenomenon has been observed, consisting of strengthening the integration of built-up
areas thanks to the presence of tram systems [1,4,5,39].
Therefore, this publication makes a hypothesis that the tram—a necessary and envi-
ronmentally friendly form of urban public transport—is a crucial urban tool enabling the
simultaneous integration of dysfunctional and dispersed parts of the city and—no less
important—an essential catalyst for a thorough restructuring of urban green systems and
public urban spaces. This applies particularly to Warsaw, where very difficult and complex
geological conditions make development of an underground transport system a very costly
and time-consuming task.
This publication aims to present the importance and potential of a tram network for
the reconstruction and development of the transport infrastructure in Warsaw. At the
same time, based on the examples of other European cities that did not have as traumatic
a past as Warsaw and that have developed in an evolutionary way, this paper tries to
delineate how—drawing on the contemporary canons of sustainable development—the
right proportions can be achieved in the design of the urban tram route surroundings,
taking into account functional (optimum connection), environmental (resource enrichment),
and landscape (the city’s image) aspects.
2. Materials and Methods
The identification of the issues and the formulation of the main goals of the research
allowed us to starting the first stage of work. An extensive literature search was conducted
to compile examples of tram systems playing a key role on transformation of urban
space. Combinations of keywords including “urban”, “city”, “tram lanes”, “tramways”,
“revitalization”, “green infrastructure”, and “linear parks” were used in searching three
online literature databases, including Scopus, ISI Web of Knowledge, and Google Scholar.
Issues identified during the literature review were divided synthetically in two major
thematic groups:
• city policies (especially in Europe) concerning use of tram systems to stimulate urban
development and revitalization of urban spaces;
• the importance of greenery used along tram routes for the urban environment and the
quality of life.
The data collected at this stage of the research was from both the literature and
the authors’ own professional, scientific, and practical experience concerning the design
and development of the tramway system in Warsaw. Such an example is the study and
development concept of a tram route linking the Gocław and Saska Kępa districts in
Warsaw, which consisted of elaboration of different initial variants of spatial solutions, and
then open social consultations and elaborations of the final design.
The analysis of collected data allowed us to state that tram systems are an extremely
vital tool for the revitalization of urbanized spaces, especially when they are combined
with linear green systems (e.g., concerning remediation abilities of plants and the influence
of green structures on air filtration in the city). This fact is of great importance not only for
urban environments but, what is more crucial, for the urban society and the quality of life.
At the final stage of the work, the data collected from the literature and as part
of the authors’ own research formed the basis for the actual design work, enabling the
development of a theoretical model for the transformation of the city tram system that
would fit the specific conditions of Warsaw.
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In general, it is a kind of forecast for the quantitative and qualitative development of
a linear greenery layout associated with the city tram system. This form of presentation
of the results of the authors’ experiments was to show, in a model manner, selected
aspects of designing the green forms in the vicinity of tram routes, based on the facts
(collected and processed data). Case studies are an adequate and convenient scientific
method used successfully in research in the fields of architecture, urban planning, and
landscape architecture.
The obtained results in the form of estimated quantitative and qualitative indicators
were compared synthetically with the literature in the discussion. On this basis, the final
conclusions from the research were formulated.
3. Results—The Potential of Warsaw’s Tram Network
Tram transport is very common in EU cities. Trams are a key part of EU public
transportation, which is responsible for an annual rate of some 50 billion passengers (in
2018) [40]. All the major EU capitals have retained their original tram networks from the
19th century. Some of these networks have been upgraded to light rail standards, called
Stadtbahn in Germany, premetros in Belgium, sneltram in the Netherlands, elétrico in
Portugal, and fast trams in some other countries. Many city tramway networks extend
over municipal boundaries. The city tram has always been efficient and one of the most
environmentally-friendly forms of city mass transportation. It is competitive and resource-
efficient, and it is typically characterized by low-carbon emissions. As an electric vehicle
(EV), unlike other road transport means, it does not emit exhaust gases into the atmosphere,
and its durability is many times greater than, for example, a city bus fleet [6]. In terms
of the emissions of fine particulate matter (PM 2.5), which poses a great threat to human
health and life, a tram is undoubtedly the least harmful compared to a bus (diesel engine)
or even an underground [28,29,31,41]. Such transport, like low-emission trams, is one
of elements of the traffic sector of the Zero Pollution Action Plan draft by the European
Commission. The European Green Deal highlights the need for transport to become
drastically less polluting in urban areas, emphasizing the importance of a combination of
measures aimed at reducing emissions, mitigating urban congestion, and improving public
transport options. The tramway as a form of public urban transport seems to be a perfect
match for these expectations [16,25–27].
In Poland, tram networks are present in 14 cities. In 2018, the total length of tram
lines in the country reached 2338.0 km (Table 1). Concerning individual Polish provinces
(in 2016), the greatest length of tram lines was found in Silesia (405 km) and the second
greatest in Masovia (363 km), of which Warsaw has the greatest share (Figure 2) [42].
Table 1. The total length of tram lines in Poland (km) changing in subsequent years (31 Decem-
ber 2019). Source of data: Statistical Yearbook of the Republic of Poland 2019 [43], compiled by
J. Łukaszkiewicz, 2021.
Year 2010 2015 2017 2018
Km 2254.0 2425.0 2417.0 2338.0
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Concerning the introduction of green tram lanes, the Polish tradition in this matter
dates back to the 1930s (Figure 3). Unfortunately, the catastrophic World War II and the
following 45 years of communism caused this interesting idea to abandoned for many
years, and the first solutions of this type were introduced again only at the end of the
1990s. Fifteen years later, in 2014, green lanes were present in 9 out of 14 Polish cities
with tramway transportation systems [42,45]. The estimated average balance of the length
of green lanes was only 3.6% then (most in Warsaw (4.0%) and Poznań (4.6%)), which
accounted for approximately 66.5 km of the total length of the Polish tram network (ca.
1855.0 km) (Figure 4) [46,47].
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Regarding Warsaw, introducing vegetation into streets and along tram tracks is not
only a recent story. At the end of the 19th century, Warsaw used widespread greening and
decorating of the streets with trees, lawns, and ornamental flower beds. Stefan Starzyński,
the then distinguished president of Warsaw, transformed the capital into a modern Euro-
pean city under the slogan “Warsaw in flowers and greenery”. The widespread introduction
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of vegetation served to raise the overall aesthetics, but it was also a way to improve the
living conditions in this extensive and populous city. “...Greenery in the city is a matter of
the health of the population. After all, health is the most precious human treasure...” [48]
Thus, new parks and squares were established, and trees and vines were planted en masse
along the streets together with flower beds and lawns. The lawns were also used for green
tram tracks. “...In central districts, where compact buildings made it impossible to establish
larger uniform units of greenery, efforts were made to exploit squares, roadways, and
streets by establishing a significant number of new green areas and green belts, and by
tree-lining several streets and introducing grass into tram tracks...” [49]. These were highly
innovative activities, interrupted by the outbreak of World War II.
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Figure 4. Poland, Katowice, W. Grassy tram lane along Kofranty Avenue. Photo: B. Fortuna-
Antoszkiewicz, IV 2016.
In the second half of the 20th century, while rebuilding the city destroyed by war,
efficient public transport was organized, includi g tram lines, hich have been successfully
used to this day. Main streets and important new arteries were given a carefully arranged
floral settings. The accompanying linear spatial systems ere arranged with rows of trees,
hedg s, and lawns [50,51]. Thanks t this, sp ti l order was introduced, and insulat on
and protecti n zones wer consciou ly shaped, improving the city’s climate and incre sing
street users’ saf ty (Figure 5). Due to technological reasons, the greening of the t acks was
abandoned in f vo lawns in parallel stri s (F gure 6).
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Avenue)—a separ te inner lane with a tram line surrounded by greenery (lawns with hedges) and
regular rows of young trees on both sides of the road. Photo: Z. Siemaszko, collection: National
Digital Archives [52].
Currently in Warsaw, around 70 years later, only fragmentary arrangements remain
(dismal remnants !!!) of the old projects. Along with the development of car traffic, parking
spaces appeared in place of gradually dying trees and degraded lawns in many cases. Such
depletion of natural resources is particularly acute in the city center, where the process of
building densification has been progressing over the last decades, often at the expense of
small green enclaves (squares, undeveloped areas), and there the green track becomes a
solution. Tra lines penetrate the highly urbanize center, making it possible to introduce
a collision-free ne work of linear gre nery [42,46,53,54].
At present (data from 2019) the length of green tram lanes in Warsaw has reached
25.0 km with a total length of approx. 433.0 km of tracks [46]. When renovating and con-
structing new tram routes, the Warsaw Trams have started to introduce green lanes as stan-
dard, implementing them both on concrete and ballast foundations [47] (Figures 7 and 8).
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Figure 7. Reconstruction of a tram line, Rakowiecka Street, Warsaw. Photo: J. Łukaszkiewicz, III 2015.
The apparent advantage of green tram lanes today is the reduction of the noise level
during the tram operation, the improvement of ecological aspects—increase in biologically
effective urban areas—and the improved aesthetic experience of streets in cities [45]. In
addition, skillfully-applied greenery allows the sound level from traffic to be reduced by
10.0 to 15.0 dB. This shows how much the sound level of the direct wave emitted by a tram
decreases when the side of the tram lane is planted with large deciduous trees. The values
of additional attenuation by the green belt range from 0.10 to 0.25 dB/m, depending on
its type and configuration. A series of narrower belts produce more damping than one
belt of the same width combined. The first lane, up to 50.0 m wide, is always the most
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critical. Tree belts with dense shrubs suppress noise by approx. 3.0 dB for every 30.0 m of
width. Even a band of vegetation with a negligible acoustic attenuation changes the noise
spectrum shape by dispersing and absorbing high-frequency components [55–61].
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Figure 8. Reconstruction of a tram line—laying a lawn, Rakowiecka Street, Warsaw. Photo: J.
Łukaszkiewicz, V 2015.
Additionally, vegetation reduces the speed of rising and falling of the sound level,
which reduces the annoyance of noise [62]. According to various studies carried ut
in differ nt conditions, the scope of noise r uction varies, but the shar of the vegeta-
tion itself, especially high vegetation, remains unchallenged in this process. Therefore,
instead of buil ing acoustic creens in every situation, it is b tte to pl nt dens trees,
which are incomparably more avorable for enviro mental and aesthetic reason [63]
(Fig res 9 and 10).
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In the years 2017–2020, the authors conducted research in Warsaw, aiming to identify
the condition of city tram lines in terms of their quantity (length in km), their location
(spatial context), and the form of the surrounding development (e.g., green or technical
lanes). The obtained data show that as of 31 December 2019, the length of the single tracks
reached 303.3 km (kmst—km of single tracks) (The measurement unit is 1.0 running meter
of a single track (mst) or 1.0 running kilometer of a single track (kmst) [65]) including
the following:
• utility tracks in depots—39.5 kmst;
• tracks used by passenger traffic—263.8 kmst.
Tracks applied for passenger traffic include the following:
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• separated tracks—211.2 kmst; including green lanes with vegetation cover—approx.
25.5 kmst;
• not separated tracks available for cars, busses, and emergency vehicles—52.6 kmst [65].
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Figure 10. Trees in a row at the tram-track, Warsaw, 2019. Photo: J. Bernacki [53].
Tramlin s in Warsaw connect distant districts, mainly on the north-south an east-
west axes ( both sides of th Vistula river), and they are co centrated within the c ty
center with a high density of high-ris b ildings (Figure 11).
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Figure 11. Diagram of the tram system in Warsaw with the central zone of the city. Compiled by  
P. Wiśniewski, 2021. 
In recent years, the Warsaw tram lines have been modernized, including the intro-
duction of vegetation cover (turf or herbaceous plants). Currently, such green tracks ac-
count for approx. 8.0% of the total length of all tram lines in service, and approx. 12.1% in 
the category of separated tracks (as specified above) applied for passenger traffic. The 
green tracks are covered with turf or herbaceous vegetation from genera such as Semper-
vivum L. or Sedum L. (Figures 12–18). 
 
Figure 12. Warsaw: Grochowska Street, Praga district. The vegetation cover of tracks, mainly of 
Sempervivum L. and Sedum L. species—a very ornamental green carpet with extensive mainte-
nance. Photo shared with permission: Warsaw Trams Llc., 2020 [65]. 
 
Figure 11. Diagram of the tram ystem in Warsa wit the central zone of the city. Compiled by P.
iśniewski, 2021.
In recent years, the Warsa tra li es a e been odernized, including the introduc-
tion of vegetation cover (turf or herbaceous plants). Currently, such green tracks account
for approx. 8.0% of the total length of all tram lines in service, and approx. 12.1% in the
category of separated tracks (as specified above) applied for passenger traffic. The green
tracks are covered with turf or herbaceous vegetation from genera such as Sempervivum L.
or Sedum L. (Figures 12–18).
135
Land 2021, 10, 375
Land 2021, 10, x FOR PEER REVIEW 10 of 24 
 
 
Figure 11. Diagram of the tram system in Warsaw with the central zone of the city. Compiled by  
P. Wiśniewski, 2021. 
In recent years, the Warsaw tram lines have been modernized, including the intro-
duction of vegetation cover (turf or herbaceous plants). Currently, such green tracks ac-
count for approx. 8.0% of the total length of all tram lines in service, and approx. 12.1% in 
the category of separated tracks (as specified above) applied for passenger traffic. The 
green tracks are covered with turf or herbaceous vegetation from genera such as Semper-
vivum L. or Sedum L. (Figures 12–18). 
 
Figure 12. Warsaw: Grochowska Street, Praga district. The vegetation cover of tracks, mainly of 
Sempervivum L. and Sedum L. species—a very ornamental green carpet with extensive mainte-
nance. Photo shared with permission: Warsaw Trams Llc., 2020 [65]. 
 
Figure 12. arsaw: Grochowska Street, Praga district. The vegetation cover of tracks, mainly of
Sempervivum L. and Sedum L. species—a very ornamental green carpet with extensive maintenance.
Photo shared with permission: Warsaw Trams Llc., 2020 [65].
Land 2021, 10, x FOR PEER REVIEW 10 of 24 
 
 
Figure 11. Diagram of the tram system in Warsaw with the central zone of the city. Compiled by  
P. Wiśniewski, 2021. 
In recent years, the Warsaw tram lines have been modernized, including the intro-
duction of vegetation cover (turf or herbaceous plants). Currently, such green tracks ac-
count for approx. 8.0% of the total length of all tram lines in service, and approx. 12.1% in 
the category of separated tracks (as specified above) applied for passenger traffic. The 
green tracks are covered with turf or herbaceous vegetation from genera such as Semper-
vivum L. or Sedum L. (Figures 12–18). 
 
Figure 12. Warsaw: Grochowska Street, Praga district. The vegetation cover of tracks, ainly of 
Sempervivum L. and Sedum L. species—a very orna ental green carpet with extensive mainte-
nance. Photo shared with permission: Warsaw Trams Llc., 2020 [65]. 
 
Figure 13. Warsaw: Grochowska Street, Praga district. The vegetation cover of tracks, mainly of
Sempervivum L. and Sedum L. species—the Vicia cracca visible in the middle as the ruderal species
indicates the beginning of seminatural plant succession. Photo shared with permission: Warsaw
Trams Llc., 2020 [65].
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Figure 14. Warsaw: Puławska Street, Mokotów district. Smooth, grassy track cover gives a repre-
sentative appearance to the main streets of the city. Photo shared with permission: Warsaw Trams 
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Figure 15. Warsaw: Puławska Street, Mokotów district. Smooth, grassy track cover gives a repre-
sentative appearance to the main streets of the city. Photo shared with permission: Tramwaje War-
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Figure 16. Warsaw: Rakowiecka Street, Mokotów district. The grassy track cover after mowing 
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Figure 16. Warsaw: Rakowiecka Street, okotów district. The grassy track cover after mowing
during summer. Photo: J. Łukaszkiewicz, VIII 2016 [65].
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Figure 17. Warsaw: Zieleniecka Avenue, Praga district. Grassy tram lane nearby National Stadium 
is accomplished with a low hedge and a row of street trees on the left. Photo shared with permis-
sion: Warsaw Trams Llc., 2020 [65]. 
 
Figure 18. Warsaw: A. Mickiewicza Street, Żoliborz district. Grassy tram lane lined with rows of 
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The presented general data show that ca. 185.7 km of single tram tracks in Warsaw 
can be potentially transformed into a biologically active surface with turf or herbaceous 
vegetation cover. Some of these tracks run in separate corridors along the streets or inde-
pendently across areas excluded for traffic, which offers the opportunity to introduce ad-
ditional accompanying greenery (insulation and protective belts—one or double sided) of 
various widths. 
Considering diverse spatial conditions and possible plant arrangements (different 
configurations of trees and shrubs connected with more or less extensive grassy areas), 
the authors introduced several model versions of natural protection zones (Figures 19–
21). Linear vegetation belts make it possible to create insulation barriers of various densi-
ties of trees and shrubs, and in the broadest version—even to create structures like linear 
parks, available for direct use (added recreational function). 
3.1. The Model—Detailed Assumptions 
1 The model assumes the hypothetical development of a track section, 100.0 m long, 
with a parallel linear strip of land of the same length; the purpose of developing the 
Figure 17. arsaw: Zieleniecka Avenue, Praga district. Grassy tram lane nearby National Stadium is
accomplished with a low hedge and a row of street trees on the left. Photo shared with permission:
Warsaw Trams Llc., 2020 [65].
137
Land 2021, 10, 375
Land 2021, 10, x FOR PEER REVIEW 12 of 24 
 
 
Figure 17. Warsaw: Zieleniecka Avenue, Praga district. Grassy tram lane nearby National Stadium 
is accomplished with a low hedge and a row of street trees on the left. Photo shared with permis-
sion: Warsaw Trams Llc., 2020 [65]. 
 
Figure 18. Warsaw: A. Mickiewicza Street, Żoliborz district. Grassy tram lane lined with rows of 
street trees on both sides. Photo shared with permission: Warsaw Trams Llc., 2020 [65]. 
The presented general data show that ca. 185.7 km of single tram tracks in Warsaw 
can be potentially transformed into a biologically active surface with turf or herbaceous 
vegetation cover. Some of these tracks run in separate corridors along the streets or inde-
pendently across areas excluded for traffic, which offers the opportunity to introduce ad-
ditional accompanying greenery (insulation and protective belts—one or double sided) of 
various widths. 
Considering diverse spatial conditions and possible plant arrangements (different 
configurations of trees and shrubs connected with more or less extensive grassy areas), 
the authors introduced several model versions of natural protection zones (Figures 19–
21). Linear vegetation belts make it possible to create insulation barriers of various densi-
ties of trees and shrubs, and in the broadest version—even to create structures like linear 
parks, available for direct use (added recreational function). 
3.1. The Model—Detailed Assumptions 
1 The model assumes the hypothetical development of a track section, 100.0 m long, 
with a parallel linear strip of land of the same length; the purpose of developing the 
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Figure 19. Model—Version 1: Land development along the tram route (one-sided intake)—a com-
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Figure 19. Model—Version 1: Land development along the tram route (one-sided intake)—a compact insulating green
belt (regular triangular spacing, approx. 90% of the land area coverage). On the left: green tram route cross-section with
dimensions—the pictogram after [66]. Compiled by J. Łukaszkiewicz.
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Figure 20. Model—Version 2: Land development along the tram route (one-sided intake)—a medium-dense insulating
green belt (regular triangular spacing, approx. 80% of the land area coverage). On the left: green tram route cross-section
with dimensions—the pictogram after [66]. Compiled by J. Łukaszkiewicz.
Land 2021, 10, x FOR PEER REVIEW 15 of 24 
 
 
Figure 21. Model—Version 3: The linear park. Land development along the tram route with non-
regular open forms of high and low greenery, providing for possible recreational use; the required 
width of the linear park must be at least 3x Tr. On the left: green tram route cross-section with 
dimensions—the pictogram after [66]. Compiled by J. Łukaszkiewicz. 
Currently, green tram lanes in Warsaw provide approx. 8.9 ha of biologically active 
area (a total length of approx. 25.5 km of a single track with the mean track width of ap-
prox. 3.5 m), which is only approx. 1.78% of the total area of the ten largest parks in War-
saw (Table 2). 
Table 2. The area of the 10 largest parks in Warsaw. 
No. Parks of Warsaw (10 Largest) Area (ha) 
1 Natolin 105.00 
2 Pole Mokotowskie 100.00 
3 Łazienki Królewskie 76.00 
4 Skaryszewski 58.00 
5 Marszałka E. Rydza-Śmigłego 53.00 
6 Bródnowski 25.40 
7 Wilanów 24.00 
8 Dolinka Służewiecka 23.00 
9 Moczydło 19.94 
10 Morskie Oko—Promenada 17.90 
Total area of parks (ha) 502.24 
There is still approx. a total length of 185.7 kmst (single tram tracks) in Warsaw po-
tentially suitable for transformation into green lanes. If at least some of these resources are 
available for direct use (after excluding “technical” sections, i.e., intersections, viaducts, 
stops, pedestrian crossings, etc.), the following can be assumed: 
• the introduction of low vegetation cover (lawns or herbaceous plants) using only 50% 
of the resources of available single track length (approx. 92.85 km) with the mean-
narrow version of track spacing (width of approx. 3.5 m) allows obtaining approx. 
32.5 ha of biologically active area in total; connecting it with the area of already ex-
isting green tracks allows 41.4 ha of biologically active area to be obtained in the scale 
of the entire city’s tramway system; 
• the possibility of introducing additional protection green belts along the tram lanes 
using only 20% of available 185.7 kmst of single track length (due to restrictions re-
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Figure 21. Model—Version 3: The linear park. Land development along the tram route with non-regular open forms of
high and low greenery, providing for possible recreational use; the required width of the linear park must be at least 3x Tr.
On the left: green tram route cross-section with dimensions—the pictogram after [66]. Compiled by J. Łukaszkiewicz.
3.1. The Model—Detailed Assumptions
1. The model assumes the hypothetical development of a track section, 100.0 m long,
with a parallel linear strip of land of the same length; the purpose of developing the
model is to visualize the possibilities of enriching the surroundings of tram routes
with greenery as an additional natural resource for the urban environment.
2. The conventional unit of the width applied in the model (urban unit) for the measure-
ment of the strip of land parallel to the trackway corresponds to the basic width of
the double tram track in Warsaw—6.8 m (track without additional space for electric
poles); the strip of land along the track may have a width of several times the width
of the track; hence an additional strip of land with a width equal to a width of tracks
lane (ca. 6.8 m) has a total area of ca. 680 m2; a strip of land with a width equal a
double width of tracks lane (ca. 13.6 m) = an area of ca. 136 m2; a strip of land with a
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width equal to 3 times the width of the double tracks lane (ca. 20.4 m) = an area of ca.
2040.0 m2
3. The model presents versions of vegetation cover for a strip of land with a total
width equal to three times the track’s width, i.e., ca. 20.0 m; research shows that the
insulation green belts of this width are the most effective in stopping volatile and
solid air pollutants, and at the same time, this width is sufficient to introduce local
urban linear parks.
4. The model presents three versions of land development on one side of the tram
double-track lane, assuming that the same development may occur on both sides or
in a mosaic pattern.
5. It is assumed that the tram track itself has a green cover, i.e., grassy or herbaceous veg-
etation; the use of large trees (height > 10.0 m, Ø 7.0 m), smaller trees (height < 10.0 m,
Ø 5.0 m), large shrubs (Ø 2.0 m), and lawns is assumed.
3.2. Model—Various Solutions
Version 1. Development of the area along the tram route in the form of a green barrier—
a compact insulating green belt (regular triangular spacing, approx. 90% of the land area
coverage); estimated numbers of plants in individual categories were calculated (large
trees, h > 10.0 m/crown Ø approx. 7.0 m; smaller trees h < 10.0 m/crown Ø approx. 5.0 m;
large shrubs Ø approx. 2.0 m) for a strip of land with a length of 100.0 m.
The width of the insulating green belt is a multiplication of the green double track
width (Tr = 6.8 m); in the adopted version, the maximum width reaches the triple width
of tracks lane exceeding 20.0 m and may be increased as far as possible and necessary, in
accordance with the principle presented in the model (Figure 19).
Version 2. Development of the area along the tram route in the form of a green barrier—
a medium-dense insulating green belt (regular square spacing, approx. 80% of the land
area coverage); estimated numbers of plants in individual categories were calculated (large
trees, h > 10.0 m/crown Ø approx. 7.0 m; smaller trees h < 10.0 m/crown Ø approx. 5.0 m;
large shrubs Ø approx. 2.0 m) for a strip of land with a length of 100.0 m.
The width of the insulating green belt is a multiplication of the green double track
width (Tr = 6.8 m); in the adopted version, the maximum width reaches the triple width
of tracks lane exceeding 20.0 m and may be increased as far as possible and necessary, in
accordance with the principle presented in the model (Figure 20).
Version 3. The linear park—land development along the tram route with non-regular
open forms of high and low greenery, providing high luminosity beneath the canopy,
with a significant share of open grassy areas providing for possible recreational use (an
implementation of path layout, equipment, etc.); on the edge of the green tram lane, the
greenery of the diverse height creates a compact, insulating physical and optical green
barrier. Estimated numbers of plants in individual categories (large trees, h > 10.0 m/crown
Ø approx. 7.0 m; smaller trees h < 10.0 m/crown Ø approx. 5.0 m; large shrubs Ø approx.
2.0 m) were determined for a strip of land with a length of 100.0 m. The width of the green
belt arranged as a linear park is a multiple of the width of the green tram lane (Tr = 6.8 m);
. . . in the adopted version, the maximum width reaches the triple width of tracks lane
exceeding 20.0 m (Figure 21).
Currently, green tram lanes in Warsaw provide approx. 8.9 ha of biologically active
area (a total length of approx. 25.5 km of a single track with the mean track width of approx.
3.5 m), which is only approx. 1.78% of the total area of the ten largest parks in Warsaw
(Table 2).
There is still approx. a total length of 185.7 kmst (single tram tracks) in Warsaw
potentially suitable for transformation into green lanes. If at least some of these resources
are available for direct use (after excluding “technical” sections, i.e., intersections, viaducts,
stops, pedestrian crossings, etc.), the following can be assumed:
• the introduction of low vegetation cover (lawns or herbaceous plants) using only
50% of the resources of available single track length (approx. 92.85 km) with the
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mean-narrow version of track spacing (width of approx. 3.5 m) allows obtaining
approx. 32.5 ha of biologically active area in total; connecting it with the area of
already existing green tracks allows 41.4 ha of biologically active area to be obtained
in the scale of the entire city’s tramway system;
• the possibility of introducing additional protection green belts along the tram lanes
using only 20% of available 185.7 kmst of single track length (due to restrictions
resulting from spatial or technical conditions), gives approx. 37.14 km length of tracks
in total; green belts of such a length and approx. 6.8 m average width would allow
an additional biologically active area of approx. 25.26 ha or approx. 50.14 ha to be
achieved—with green belts along tram lanes of approx. 13.5 m average width;
• the possibility of establishing a linear park in areas 20.0 m wide along the tram tracks
would give an additional 2.0 ha of biologically active area for a 1.0 km long belt
of greenery.
Table 2. The area of the 10 largest parks in Warsaw.
No. Parks of Warsaw (10 Largest) Area (ha)
1 Natolin 105.00
2 Pole Mokotowskie 100.00
3 Łazienki Królewskie 76.00
4 Skaryszewski 58.00
5 Marszałka E. Rydza-Śmigłego 53.00
6 Bródnowski 25.40
7 Wilanów 24.00
8 Dolinka Służewiecka 23.00
9 Moczydło 19.94
10 Morskie Oko—Promenada 17.90
Total area of parks (ha) 502.24
In general, it can be assumed that the introduction of green tram lanes, including
additional local green protection zones, would allow us to realistically obtain an additional
biologically active area in the city, with a minimum size of approx. from 32.5 to 57.76 ha
and even 82.64 ha—potentially enlarged by at least another 2.0 ha of “tram” linear parks.
These numbers in total correspond to the average area of at least one large city park (from
the group of largest in Warsaw) and an increase of ca. 6.5–16.5% in the combined area of all
the largest parks in Warsaw. It is difficult to imagine introducing such a significant natural
area into the dense and compact structure of the city in any other way.
Finally, the great importance of social participation in the design of green areas should
be emphasized, especially linear parks in the vicinity of tram routes [10]. The authors’
experiences in this area show that the recreational program of the planned park facility
along the tram route should depend on public consultations. Residents of separate districts
may have different preferences in terms of spending free time and using such places. The
linear structure of the tram route crossing various parts of the city requires that the residents
of these locations be able to comment on the recreational program. For example, this type
of public consultation in Warsaw was carried out in the process of preparing an investment
project—the construction of a new tram route: Saska Kępa-Gocław [10] (Figure 22).
Public consultations in Poland are anchored in the currently applicable legal provisions
(the Environmental Protection Act), in relation to the Directive of the European Parliament
and the Council of Europe (2011/92/EU). In the discussed case, the study group consisted
of participants in consultation meetings—mainly the inhabitants of Gocław and Saska
Kępa. In total, about 200 people participated in all four meetings (November–December
2017). It should be emphasized that over 1/3 of the participants (35.6%) called for the
implementation of the widest developed strip of land, i.e., 60.0 m (Figure 23), because
it allowed for the creation of new publicly accessible green areas. A deficit of places for
sports such as running, rollerblading, and cycling was indicated. In general, the very
assumption and approach to the problem of designing a tram route in a comprehensive
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manner, taking into account the natural, landscape, and spatial context, was accepted and
positively assessed by the majority of the consultation participants. Ultimately, thanks to
the social dialogue, the version of the linear park next to the tram route will provide a
green isolation zone of the track up to a width of 28.0 m and balance the interests and needs
of various social groups interested in the investment (see Figure 21; model—Version 3: the
linear park).
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4. Discussion
Warsaw, the capital of Poland, is a rapidly growing urban organism badly needing
a general concept to organize this development to avoid city congestion and suffocation
in the near future. One of the ideas seems to be the careful planning of the urban space
growth along the tram lines as backbones of this development. The authors think that in
light of the city’s traumatic past and subsequent rapid development, President Starzyński’s
plan of building a radial structure has been lost, and now it is time to bring forward
suitable plans before it is too late. Fortunately, there are examples to be followed, which
are discussed here.
Sustainable development of the urban organisms involves the reduction of consump-
tion of non-renewable spatial resources, assuming the reuse of wastelands or brownfields
(e.g., [12,19–21]). Tram lines are often a perfect tool to integrate urban space, creating linear
systems (“urban corridors”). In fact, the concept of development based on linear structures
is not new in urban planning. The example is the idea of a linear city (“La Ciudad Lineal”,
ca. 1885) by the Spanish urbanist Arturo Soria y Mata (1844–1920) or the idea of “La Ville
Radieuse” (“The Radiant City”, 1920s) by Le Corbusier (1887–1965). Both theories later
found further followers (e.g., [9,39]). For example, the concept of a “linear city” was applied
in Curitiba (Curitiba), Brazil (approx. 3.0 million inhabitants) or in Australian cities (e.g.,
Melbourne, Coburg, and Sydney), where the tram is often an essential element of “urban
corridors” [2,5].
Many examples from around the world indicate that a tramway can contribute to the
improvement of the visual quality of urban public space and the promotion of the image of
the city itself. For example, tram lines in France (France now has 240 city tram networks)
are a symbol of modernity and an expression of French cities’ pro-ecological aspirations:
restoring the lost public spaces, rationalizing access to public transport, and limiting the
traffic (e.g., Montpellier, Strasbourg or Bordeaux and many others) [1–5].
Similar to France, the promotion of many English cities is based on the local tram
system, which is used to give the city center a new identity (e.g., Sheffield, Manchester, or
Nottingham). In Germany, trams are also a tool for promoting a new public image of cities,
accessibility, and good quality of city life (e.g., Heilbronn, Zwickau, Bad Wildbad, and
others). In Oslo (Norway), the tram, which is part of the public transport, is promoted for
its functionality—as a well-developed integrated system ensuring better city connections.
In the Italian region of Calabria a modern tram line connecting the metropolis of Cosenza-
Rende and the University of Calabria has been implemented since the 1980s [1,6,9].
The most interesting solutions involving trams in the urban spaces include the revital-
ization of the riverside area of Abandoibarra in Bilbao (Spain). The “Bilbao Effect” means
a transformation of a mining and industrial port into a center of culture, art, and enter-
tainment [67]. Similarly, a city-wide redevelopment of infrastructure was implemented
in Petržalka district (Bratislava, Slovakia). Due to the introduction of a tram-train line
running through the core of the district, the integration of the existing green spaces into a
defined urban green system was achieved [68].
In the Czech Republic, the Prague municipality has approved an increase in the
number of green tram lanes, applying mainly local, native species of drought-resistant
plants, extensive drought-loving grasses, etc. [69–72]. The vegetation-modified tram lanes
in Brno serve as additional urban greenery. Such green areas are often covered with
herbaceous communities, transitioning between perennial beds and landscaped lawns [73].
It should be noted that in many cases, significant sections of tram routes run fully
autonomously from the traffic zones (street, roads, etc.), combining fragmented parts of
urban greenery, such as in Bordeaux or Strasbourg (France), Saarbrücken or Wolfartsweier
Nord (Germany), Sheffield (England), Bratislava (Slovakia), and Bilbao (Spain). In practice,
greenery appears in connection with tram tracks most often for two different reasons, which
may partially complement each other. The first is the need to introduce insulating greenery
to act as a barrier/cover instead of a classic fence, where the tracks are separated from
other road users and pedestrians by linear shrub plantings, or where medium and high
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green plantings separate the entire length of the tracks from the traffic zone (e.g., Zwickau,
Wolfartsweier, or Freiburg im Breisgau—Germany) (Figure 24). The second reason is
the integration of the tram routes with the urban greenery system (existing and newly
developed) thanks to coherent city-wide landscape strategies (e.g., Strasbourg, Bordeaux,
and Montpellier—France, or Heilbronn—Germany) [1–3,12,20,21,67,68].
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Due to their often favorable location in the compact urban structure, tram lanes
are predisposed to be transformed into green areas of phytoremediation, climatic, and
biocenotic importance (e.g., [1–6,9,61,67–73,75]). For example, in Strasbourg, the skillfully
shaped and maintained coherent continuity of green communication lanes outside the city
center has resulted in biodiversity corridors—migration routes for small animals and plant
seeds [1,3].
The vegetation along tram lanes is very welcome to mitigate the city’s climate, e.g., the
level of air pollution, the effects of climate change, etc. [23,28,61,75–79]. Naturally, the ability
of plants to absorb pollutants and clean the air (phytoremediation) depends on their size and
vitality—trees play the most significant role in this process. In general, research shows that
the appropriate structure and the maintenance of tall greenery—both its arrangement (forms,
spatial arrangements) and internal structure—are of greater importance for air quality
improvement. The highest efficiency in the accumulation of dust particles is achieved by
isolating tall greenery forms located 3.0–15.0 m from the source of transport emissions. It is
relatively more than 2.5 times more than in the case of similar tree stands, but still growing
further (e.g., [28–30,34,79,80]). Air purification of dust (PM) is optimal with a sufficiently
loose tree crown structure (40% of density), reaching the optimal canopy density of approx.
35–70%. By increasing size or tree density of the smallest urban green spaces (e.g., around
tram lanes), a real and most noticeable effect can be achieved in cleaning up the urban
atmosphere (e.g., [28–30,33–35,80,81]).
In Warsaw, the prospective opportunity for the rapid development of the tram network
system is essential and dictated by the economy rules as the environmental burden is
smaller than in the case of the underground (no need to make deep excavations, deal
with their negative effects on the hydro-groundwork conditions, use enormous amounts
of building materials, transport masses of earth—an effect of earthmoving, disorganized
public transport, closed streets, construction sites, boreholes, etc.).
Increasing the biologically active area in the center zone of Warsaw is now a necessary
requirement. Although greenery is introduced in every possible way (green roofs, green
144
Land 2021, 10, 375
walls, greenery on terraces, etc.), the main disadvantage of these forms of vegetation is
their limited or complete lack of access to all users of urban public spaces. Such persons
become only passive viewers (often only from a considerable distance) of such isolated
arrangements. In terms of environmental advantages, forms such as green roofs, green
walls, greenery on terraces, etc., undoubtedly play an important role—they serve to increase
the biologically active surface and help to reduce the urban “heat island” phenomenon;
however, in terms of social values—apart from a positive aesthetic effect—they do not have
a more significant impact.
The greenery which is in Warsaw associated with tram lanes is also, to some extent,
excluded from direct use (especially green tracks), but it is still visually closer as it is on the
street level. Undoubtedly, this has a positive effect on the reception of a given space, which
thus adopts a harmonious landscape appearance. In addition, the green tram lanes are real
biocenotic corridors—they allow for unhindered existence and movement of small fauna
(e.g., birds, insects, earthworms). Adding the technical considerations discussed earlier
(protective function), it can be concluded that the vegetation accompanying tram routes is
the simplest and most advantageous way of introducing greenery into the downtown area.
The model of the greenery version interrelated to tram tracks in Warsaw presented
herein carries plenty of resemblance to solutions applied in other cities and countries.
This is a concise conceptualization allowing for a choice of a specific greenery version in
relation to the width of the lane of the accessible ground. In the widest version of the model
(Version 3), the option to introduce linear parks along the tram tracks was also taken into
account. In this case, the greenery is also a recreational space, besides having the isolating
function. Such solutions are popular around the world [1–6,9,67–73], and this trend is also
provided for in the design of the environment of tram route Saska Kępa—Gocław, in which
the authors participated [10]. Furthermore, the conceptual research concerning the greenery
structure accompanying the tram lines has shown great socioeconomic importance of the
public consultations at the stage of the project preparation.
The presented case studies of cities show that a complex, coherent, and thoughtful
approach to tramway lane design results in their successful integration with the urban sur-
roundings [2,3,5,9,10,67]. The current world standard trams are environmentally friendly;
they move almost noiselessly—often on surfaces covered with vegetation or in “green
corridors”—without degrading visually valuable, often historic downtown areas. The
tramways meet the expectations and carry out the communication tasks of modern cities,
not only without generating adverse environmental effects but also positively influencing
the process of shaping public spaces [1–4,39].
Moreover, one cannot forget that every—even the smallest—fragment of visible urban
greenery is of great importance in relieving stress and mental disorders in city dwellers
forced to stay in confinement during the global COVID-19 pandemic [13–15].
To sum up, those responsible for development of the future shape of a city and
its public transport should take a leaf out of the book on other European cities, written
by the decentralization and competition between cities across Europe and all over the
world, showing that the evolution of urban theories makes it necessary to combine public
transport with a high-standard multifunctional urban space. The tram system is a core of
such projects, implementing not only communication functions without adverse effects
on the environment (compared to other means of public transport), but also positively
influencing the process of shaping urban public spaces by using “green thinking” as a key
factor [1–3,5].
5. Conclusions
Trams are a key part of EU public transportation. The great importance of urban tram
systems for the everyday transportation of masses of people is confirmed by the EU and
Polish statistics data. The ecological advantages of trams are recognized in successive
EU strategies and policies related to urban development and environmental protection.
Globally, trams seem to be a vital tool for the development of urban space, which allow
145
Land 2021, 10, 375
arranging and consolidating structures called “urban corridors”. As additional green
areas can be introduced into densely urbanized space through tramlines, the real social,
environmental, and functional importance of this form of transport is finally tangible. The
Warsaw tram system case study (total length over 300 km of single tracks in service in 2019)
was implemented in order to simulate the potential growth of a biologically active area
connected with an increasing share of greenery around tram lanes in Warsaw.
The suggested revitalization of the existing and designing the future tram lanes as
green corridors is in line with the generally accepted concept of urban green infrastructure.
Therefore, the authors aim to present their views on this significant issue in a condensed
fashion, within the program of the revitalization of Warsaw landscape by converting the
existing tram lines, where possible, and planning new ones according to the “green point
of view”.
The information used as a basis to analyze the relevant situation in Warsaw came
from other studies, European as well as global, presenting the development of urban
tram systems. The authors’ experience in designing of the tram lane surroundings in
Warsaw was of key importance for the research presented, especially in terms of greenery
forms—their functionality, utility, and visual quality.
The synthesis of these issues is presented as a model with several versions, applied to
Warsaw itself in the first place (as it is the case study of our research); however, the model
could be applicable in other cities of the world. The development of such a model aims
to indicate a potential solution to a specific problem, namely the shaping of tram route
surroundings, especially with high greenery used. Our findings provide fundamental and
valuable, yet overlooked, guidelines for urban tram system managers, urban policymakers,
and local planners. The authors do not claim that the presented model is the only and best
possible solution to the principles of designing and revitalization of greenery along tram
routes. Nevertheless, it seems to be a viable overall proposition with which one can create
detailed solutions adapted to the conditions of the specific site.
The paper indicates that in Warsaw—similar to other capital cities—some selected
areas along the tram routes can be designed and arranged as linear parks with additional
recreational functions, following the prevailing world trend. The linear park is, in a way,
a contemporary approach to more traditional spatial linear forms such as a boulevard or
a promenade. An excellent example of such a solution is the case of a planned tram line
from Saska-Kępa to Gocław district in Warsaw. Moreover, also based on this example,
this publication emphasizes the great importance of public consultations in planning new
tram lines.
Taking into account all the results obtained so far, the main conclusions are as follows:
(1) The presented case study (Warsaw) allows one to determine to what extent the introduc-
tion of green tracks (i.e., covered with herbaceous vegetation or additionally surrounded
by tall vegetation) would realistically increase the biologically active area in the scale of
the entire city; (2) With the adoption of minimum area parameters, the introduction of
greenery associated with tram lines allows one to generate a biologically active area equal
to a size of at least one large city park; in the case of Warsaw, it is an additional several
dozen hectares of greenery in the densely built-up zone; (3) This is important especially in
the central area—with dense, high-rise buildings and extensive technical infrastructure—
where there is a shortage of space available for the introduction of new natural objects
(parks, squares, promenades, etc.). Often, green tram tracks are the only rational way of
introducing “ground-layer” vegetation into this zone; (4) The plans of city development
should also consider the “green” tram lines leading to recreational areas on the outskirts,
serving at the same time as “ventilation corridors”; (5) The case of Warsaw and the spatial
simulations presented in this paper seem to confirm that this kind of approach, already
successfully applied in many cities around the world, appears to be the best way of tackling
some key environmental issues during the continuous development of Poland’s capital.
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February 1939]; Wyd. Zarząd Miejski w m. st. Warszawie; [druk] Drukarnia Miejska: Warszawa, Poland, 1939. (In Polish)
50. Fortuna-Antoszkiewicz, B. Przemiany Formy Elementów I Układów Ogrodowych Wzdłuż Traktów Komunikacyjnych Na Przykładzie
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Abstract: Extensive urbanization around the world has caused a great loss of farmland, which
significantly impacts the ecosystem services provided by farmland. This study investigated the
farmland loss due to urbanization in the Guangdong–Hong Kong–Macao Greater Bay Area (GBA) of
China from 1980 to 2018 based on multiperiod datasets from the Land Use and Land Cover of China
databases. Then, we calculated ecosystem service values (ESVs) of farmland using valuation methods
to estimate the ecosystem service variations caused by urbanization in the study area. The results
showed that 3711.3 km2 of farmland disappeared because of urbanization, and paddy fields suffered
much higher losses than dry farmland. Most of the farmland was converted to urban residential
land from 1980 to 2018. In the past 38 years, the ESV of farmland decreased by 5036.7 million yuan
due to urbanization, with the highest loss of 2177.5 million yuan from 2000–2010. The hydrological
regulation, food production and gas regulation of farmland decreased the most due to urbanization.
The top five cities that had the largest total ESV loss of farmland caused by urbanization were
Guangzhou, Dongguan, Foshan, Shenzhen and Huizhou. This study revealed that urbanization
has increasingly become the dominant reason for farmland loss in the GBA. Our study suggests
that governments should increase the construction of ecological cities and attractive countryside to
protect farmland and improve the regional ESV.
Keywords: ecosystem service value; farmland loss; construction land expansion; remote sensing
1. Introduction
Unprecedented urbanization has been occurring worldwide, which has caused the
urban population to currently account for more than half of the world′s population; this
proportion is expected to increase to nearly three-quarters by 2050 [1]. Considerable urban
expansion has mostly taken place in developed countries in the past, but it will mainly
occur in developing countries in the coming decades. It is estimated that the urban area
in developing countries will increase to 1.2 million km2 by 2050, which is four times the
urban area in 2000 [2]. As the largest developing country in the world, China has been
experiencing unprecedented urban expansion after the implementation of the reform and
opening up policy in 1978, with the increase of the urban population from 17.92% in 1978
to 58.5% in 2017, and a projected rise to 70% by 2030 [3,4]. Urban agglomerations in China
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are hotspots of urban expansion because of intensive anthropogenic activities and rapid
economic growth, such as the Jing-Jin-Ji urban agglomerations, the Yangtze River Delta
urban agglomerations, and the Pearl River Delta urban agglomerations [3,5,6].
Extensive urbanization has substantially encroached on farmland, wetlands and
forestland, which has further led to decreases in the food supply, the loss of natural
habitat, and the dramatic degradation of ecosystem services (ESs) [7–11]. Previous studies
proved that urban expansion mainly originates from the conversion of farmland, and
has also become the main source of farmland loss around the world [4,12–14]. In China,
74% of the lost farmland was converted into 85% of the newly increased urban land
in the past decades [15]. Farmland preservation and urban expansion has become a
hot topic. Urbanization has not only encroached substantially on farmland, but also
impacted farmland quality and the intensity of agricultural activities [10,15,16]. Continued
urban expansion will accelerate agricultural land expansion, putting high pressure on
the natural ecosystems [10]. Moreover, urbanization has negative impacts on the ESs
supported by farmland; e.g., food production ES, cultural heritage, wildlife habitat and
open space [17–20]. Narduccia et al. showed that urban areas have more negative impacts
on ESs than farmland [12]. The massive farmland loss due to urbanization is increasingly
threatening farmland preservation and relative ESs [10,21–23]. Previous studies put more
attention on the spatial and temporal relationship between urbanization and farmland,
but they rarely explored the additional influences of urbanization on ESs and ecosystem
functions supported by farmland. Therefore, it is necessary to explore the impacts of
urbanization on farmland and associated ESs.
Estimate ESs are significant and alert decision makers and the public to the importance
of these services. In 1997, Costanza et al. introduced the principle, methods and results
of estimating the global ecosystem service value (ESV) by synthesizing previous studies
based on a wide variety of methods, and they found that the global gross domestic product
is much lower than the ESV [24]. In 2007, Xie et al. improved the valuation methods of
Costanza et al. and developed a unit value adapted to China, which can be applied to
assess ESs in specific land use areas [25]. In 2015, Xie et al. modified their original approach,
developing a method for evaluating the value equivalent factor in the per unit area, and
proposed an integrated method for the dynamic evaluation of the Chinese terrestrial
ESV [26]. Xie et al.’s equivalent value per unit area method for the Chinese ESV has been
widely adopted, but if it is directly applied to the regional scope, then the results will be
biased. Xu et al. proposed a regional revision method, which entails revising the average
ES equivalent values of the entire country to that of the study area based on the data of food
products per unit area [27]. Xu et al.’s method has been widely implemented in different
regions and has increased the accuracy of change detection [8,9,28].
The Guangdong–Hong Kong–Macao Greater Bay Area (GBA) is one of the most
urbanized, industrialized and populous areas in China. However, the GBA used to be a
predominantly agricultural region before 1980, was dominated by farms and rural villages
and was highly suitable for agricultural development [29,30]. Extensive urbanization in the
GBA has led to a large area of farmland loss, but few studies have examined the farmland
loss in the GBA due to urbanization over recent decades. In previous studies, urbanization
mostly refers to the expansion of urban land or urban areas, but it also includes the
expansion of residential, road and industrial land [11,12,31,32]. To achieve a comprehensive
understanding of urbanization, this study defines urbanization as construction land sprawl;
namely, the expansion of residential areas, industrial areas, mining areas, transportation
land and other construction land. Therefore, the changes in farmland and its ESV because
of urbanization were examined in the GBA from 1980 to 2018 in this study. The objectives
include the following: (1) to analyze the spatial and temporal changes in construction land
in 1980, 1990, 2000, 2010 and 2018; (2) to examine the characteristics of farmland changes
due to urbanization during the past 38 years; and (3) to evaluate the ESV of farmland loss
under the effects of urbanization over the past four decades.
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2. Materials and Methods
2.1. Study Area
The GBA is located in the south of China, covering a total area of approximately
55,000 km2, with a population of approximately 45 million people in 2018 (Figure 1).
The study area consists of 11 cities; specifically, Guangzhou, Shenzhen, Zhuhai, Foshan,
Dongguan, Zhongshan, Jiangmen, Huizhou, Zhaoqing, Hong Kong and Macao. It has
several typical geomorphic types, including mountains, hills, terraces and plains. The study
area is located in a subtropical climate zone with an average annual temperature of 22.3 ◦C
and an average annual rainfall of 1832 mm, and 83% of the rainfall occurs in the rainy
season [33]. The study area has transformed from a predominantly agricultural region
into one of the most developed urban agglomerations in the world since China’s reform
and opening-up policy [30,34]. As one of the regions in China with the highest degree of
openness and a notable economic vitality, the GBA occupies an important strategic position
in the overall national development situation.
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2. . ata Source
e l se t s ts f t l tr ti l i t i
, 2000, 2010 and 2018 were extracted from the Land Use and Land Cover of China
(CNLU C) database [35]. The CNLU C includes the land use and land cover (LULC)
datasets for 1980, 1990, 1995, 2000, 2005, 201 , 2015 and 2018. These datas ts wer mainly
produced by visual interpretation on he basis of a eries of multite poral Landsat images,
including Thematic Mapper (TM), Enhanced Thematic M pper (ETM) and Operational
Land Im ger (OLI) images. As one of th most accur te remot sensing monitoring data
products in China, CNLUCC has played an important role in the investigation and research
of national land resources, hydrology and ecology. In this study, the classification system
included two primary classes and five subclasses, and the detailed information is listed in
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Table 1. The two primary classes are farmland and construction land, and both were divided
into several subclasses. Farmland is classified into two subclasses, namely paddy fields
and dry farmland. Construction land includes three subclasses: urban residential land,
rural residential land and other construction land. In addition, specific social statistical
data, including the yield and area of the main grains in Guangdong Province and China,
were obtained from the Statistical Yearbook of Guangdong Province and China of 1980,
1990, 2000, 2010 and 2018 and were downloaded from the China National Knowledge
Infrastructure (CNKI) database (http://data.cnki.net/Yearbook/Navi?type=type&code=A
(accessed on 20 May 2020)).
Table 1. Classification of farmland and construction land in this study.
Primary Classes Subclasses Implications
Farmland
This refers to land for planting crops, including cultivated land, newly
opened wasteland, leisure land, rotation rest land, grassland rotation
cropland, land for fruits such as mulberry, agriculture and forest areas
mainly for planting crops, and beach and sea land areas cultivated for
longer than three years.
Paddy fields
This refers to cultivated land with guaranteed water sources and
irrigation facilities, which are commonly irrigated in normal years and
used to grow aquatic crops such as rice and lotus root, including
cultivated land under rotation of rice and dry farmland crops.
Dry farmland
This refers to cultivated land for dry crops without irrigation water
sources and facilities, cultivated land for dry crops that contain water
sources and irrigation facilities, which are commonly irrigated in normal
years, the cultivated land used mainly for planting vegetables, and the
leisure land and rotation land under normal rotation.
Construction land This refers to urban and rural residential areas and industrial, mining,transportation and other land areas.
Urban residential land This refers to land for large, medium and small cities and built-up areaslarger than counties and towns.
Rural residential land This refers to rural residential areas independent from construction land.
Other construction land This refers to land for factories, mines, large industrial areas, oil fields,salt fields, quarries, etc., and roads, airports and special land.
2.3. Methods
2.3.1. Analysis of the Changes in Land Use Types
To analyze the degree of changes in land use types, the annual change area (ACA, km2





where A1 and A2 are the area of farmland or construction land at the start and end dates,
respectively, and t is the time span of the study period.
2.3.2. Assessment of the Ecosystem Service Value of Farmland
The ESV was divided into four classes and eleven subclasses based on previous
research [24,26,36]. The four classes were provision services, regulation services, sup-
port services and cultural services. Provision services include food production, primary
production and water supply. Regulation services comprise gas regulation, climate regu-
lation, environmental purification and hydrological regulation. Support services consist
of soil conservation, nutrient cycling and biodiversity conservation. Cultural services
include recreational and aesthetic values. Based on the research of Costanza et al. and
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Xie et al. [24,26,37], the ESV of farmland in the GBA from 1980 to 2018 was quantitatively
estimated with the ecosystem service value coefficient method as follows:
ESV = ∑(Ak ×Vck) (2)
where ESV denotes the total annual value of the ESs, and Ak and Vck are the area and value
coefficient, respectively, for land use type k. In this study, the ESV of paddy fields and dry
farmland were calculated first, then they were summed up to get the ESV of farmland.
To better reflect the ESV changes in the different study periods, the main grain yield
in the GBA compared to that in all of China was used to revise the ecosystem services
equivalent value [27]. The correction coefficient βt was calculated as follows:
βt = yt/Yt (3)
where yt and Yt are the grain yields in Guangdong Province and China at time t, respectively.
Because the data of grain yield in the GBA in the early study periods was not easy to acquire,
the grain yield in the GBA was replaced by that of Guangdong Province in this study. Thus,
β1980, β1990, β2000, β2010 and β2018 were 1.34, 1.24, 1.38, 1.05 and 0.99, respectively.
The economic value of the ecosystem services equivalent value per unit area (Ea) was
calculated as follows [8,28]:
Ea = 1/7 × (P × Y)/A (4)
where Y and A are the total yield and area of the main grains in Guangdong Province
in 2018, respectively; P is the average price of the main grains. In order to eliminate the
impacts of changing values of the currency (yuan), P was given the value of 3.77 yuan/kg,
which is the average price of the main grains in 2018, obtained from the Grain Net of
South China (https://gdgrain.com/#!/list?params=%7B%22type%22:8%7D (accessed on
15 May 2020)).
3. Results
3.1. Urbanization in the GBA from 1980 to 2018
From 1980 to 2018, the area of construction land in the GBA showed a discernible
growth trend, increasing from 2607.4 km2 to 8243.5 km2, a more than twofold increase
(Figure 2a). A similar trend was observed in urban residential land and other construction
land, which increased nearly sixfold (from 694.7 km2 to 4778.5 km2 and from 285.7 km2
to 1991.2 km2, respectively) (Figure 2b). The area of rural residential land peaked in 2000
with 1855.9 km2 and then declined. By 2018, urban residential land occupied a dominant
position among construction land (58.0%), followed by other construction land (24.2%)
and rural residential land (17.9%). Regionally, construction land expanded rapidly in the
11 cities of the GBA in the past 40 years (Figure 2c). Among the 11 cities, only one had
an area of construction land over 500 km2 in 1980 (Guangzhou), but there were 8 cities
by 2018. Among the four different periods, the highest ACA of construction land in the
GBA was 279.7 km2/year from 2000–2010, followed by 149.1 km2/year from 1990–2000
and 108.7 km2/year from 2010–2018 (Figure 2d). A similar trend also appeared in urban
residential land and other construction land (Figure 2e). The ACA of rural residential land
was negative in the final two study periods. The highest ACA of most cities was observed
from 2000–2010 (Figure 2f). Lastly, although the urbanization and development degree of
Hong Kong and Macao were much higher than that of the other cities in the GBA, their
construction land expansion area and rate seemed much smaller than those of the other
cities because their own administrative area was relatively small.
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ver the past 38 years, the total area of the farmland in the GBA varied from
16,640.1 km2 to 12,417.4 km2, and more than a quarter of the total farmland area of 1980
had been lost (Figure 3a). An overall decreasing trend was also observed in the differ-
ent categories of farmland and 11 cities (Figure 3b,c). The area of paddy fields was far
larger than the area of dry farmland in the GBA; correspondingly, the paddy field loss
(3086.3 km2) was much greater than the dry farmland loss (1136.4 km2) (Figure 3b). From
1980 to 2018, the top five farmland losses were in Guangzhou (−827.2 km2), Dongguan
(−744.7 km2), Jiangmen (−452.9 km2), Foshan (−428.2 km2) and Shenzhen (−414.1 km2)
(Figure 3c). The highest ACA of farmland was −174.1 km2/year from 2000–2010, followed
by −158.0 km2/year from 1990–2000, while the lowest ACA was −27.3 km2/year from
2010–2018 (Figure 3d). The ACA of paddy fields, dry farmland and the farmland in 11 cites
was also higher from 1990–2000 and 2000–2010 (Figure 3e,f).
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From 1980 to 2018, the conversion from farmland to construction land was mainly
distributed at the center of the GBA; e.g., Guangzhou, Dongguan, She zhen, Foshan and
Zhongshan (Figure 4). Over the past 38 years, 3711.3 km2 of farmland was converted into
construction land. Among the four adjacent periods, the farml nd loss due to urbanization
increased drastically from the first study period (479.5 km2) to the third s udy period
(1772.4 km2) but then dropped sharply in the last study period (439.2 km2) (Figur 5a).
However, the percentage of farml nd loss due to urbanization in the total farmland loss
exhibited a growth trend, increasing from 39.3% t 96.6% from the first study period to the
last study period (Figure 5b), which demonstrates that urbanization increasingly became
the dominant reason for farmland loss. From 1980 to 2018, the urbanization-triggered
losses of paddy fields and dry far land were 2599.4 km2 and 1038.7 km2, respectively
(Figure 5c). The paddy field area lost due to urban sprawl was much more considerable
than that of dry farmland over the past four decades. From 2000–2010, the losses of paddy
fields and dry farmland due to construction land expansion were the highest, with areas of
1183.1 km2 and 589.3 km2, respectively. Over the past 38 years, 2086.7 km2, 708.0 km2 and
916.5 km2 of farmland disappeared because of the expansion of urban residential land, rural
residential land and other construction land, respectively (Figure 5d). The largest farmland
loss due to urban residential land expansion was 1000.5 km2 from 2000–2010, followed
by 603.8 km2 from 1990–2000 and 305.6 km2 from 1980–1990. Farmland being converted
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to rural residential land mainly occurred from 1990–2000 with an area of 305.6 km2, then
from 2000–2010 (249.7 km2) and from 1980–1990 (132.6 km2). The largest farmland loss
caused by other construction land was 522.2 km2 from 2000–2010, followed by 242.4 km2
from 2010–2018. In the past four decades, the top five cities that experienced farmland loss
because of urbanization were Guangzhou (824.42 km2), Dongguan (653.34 km2), Foshan
(591.03 km2), Shenzhen (371.35 km2) and Huizhou (362.22 km2) (Figure 5e). In most areas,
this conversion was concentrated between 1990 and 2010.
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3.3. The Impact of Urbanization on the Ecosystem Service Value of Farmland
An unprecedented expansion of construction land has led to a great loss of farmland,
which has further impacted the ESs and functions of farmland in the GBA. In the past
four decades, the ESV of farmland decreased by 5036.7 million yuan due to construction
land encroachment, accounting for 43.1% of the total ESV loss of farmland (Table S1).
The highest ESV loss of farmland because of urbanization was 2177.5 million yuan from
2000–2010, followed by 1655.1 million yuan from 1990–2000 (Figure 6a). For paddy fields
and dry farmland, the ESV losses caused by urbanization were 3442.1 million yuan and
1594.7 million yuan, respectively (Figure 6b). The largest ESV losses of both paddy fields
and dry farmland appeared from 2000–2010 (1438.8 million yuan and 738.7 million yuan,
respectively), and the second-largest ESV losses were from 1990–2000 (1040.0 million
yuan and 615.1 million yuan, respectively). Because of urbanization, the most affected
ecosystem service function was hydrological regulation with a loss of 2514.2 million yuan,
followed by food production and gas regulation with losses of 1541.4 million yuan and
1248.6 million yuan, respectively (Figure 6c). Specifically, the ESV of the water supply
of farmland was positive under the effects of urbanization, because paddy fields need a
large amount water for the growth of aquatic plants. To some degree, the loss of paddy
fields is a benefit for the water supply. Regionally, the total ESV loss of farmland caused
by urbanization in Guangzhou was the largest (1110.85 million yuan), followed by that in
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Dongguan (921.8 million yuan), Foshan (791.6 million yuan), Shenzhen (518.1 million yuan)
and Huizhou (460.4 million yuan). The largest ESV loss of most cites in most areas was also
concentrated from 2000–2010 (Figure 6d). In addition, Figure 7 shows the temporal and
spatial changes of ESV of farmland caused by urbanization in 11 cities. From 1980–1990 and
2010–2018, the ESV losses of farmland because of urbanization in 11 cities were mostly less
than 100 million yuan (green and dark green). However, from 1990–2000 and 2000–2010,
the ESV losses of farmland because of urbanization in Guangzhou, Foshan and Dongguan
were larger, especially in Guanghzou from 2000–2010, showed with red color. Overall, the
ESV losses of farmland due to urbanization in Zhaoqing, Zhuhai, Macao and Hong Kong
were relatively less than in other areas.
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of farmland converted to construction land in the GBA during the four study periods; (b) presents the
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construction land.
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4. Discussion
4.1. Farmland Changes Caused by Urbanization
The results of this study demonstrate that construction land in the GBA experienced
dramatic changes in the overall extent, different types and regional extent, especially after
19 0. Far lan i l s type that contributed mos to th expansion of construc-
tio land over the past four decades (Figure S1). Because of urb nization, 3711.3 km2 of
farmland disappeared in the GBA from 1980 to 2018. T e ighest farmland loss caused by
urbanization was observed from 2 00–2 10 (1772.4 km2), followed by tha in the period
from 199 –2000 (1020.1 km2), but it was small from 1980–1990 (479.5 km2) and from 201 –
2018 (439.2 km2). Our results are different from others showing the global conversion of
farmland o other land use types; globally, farmland was mainly converted to grasslands
and woodlands, w ich accounted for 57% and 36%, respectivel changes were
strongly influenced by the social development background in China and local g vernments’
behavior [39,40]. From 1980–1990, the first ten year after the impl mentation of the ref rm
and opening-up policy in 1978, social and economic development was in the initi l stage,
production technologies lagged behind and infrastructure was relatively imperfect. All
of these reasons contributed to a slower process of urbanization, which resulted in less
farmland being converted to construction land. However, after ten years of development,
the econo y expanded to a certain extent, and the process of urbanization and industrial-
ization also gradually accelerated, which led to farmland being intensively encroached on
by construction land. Subsequently, China entered the World Trade Organization in 2001,
which indicated that China’s reform and opening up had entered a new stage in history.
Rapid economic and scientific technology development impelled extensive urbanization,
which caused the area of farmland loss to construction land to reach a peak from 2000–2010.
As construction land expansion produced a great loss of farmland, a series of environmen-
tal problems appeared which threatened farmland preservation, food security, production
capacity and social stability [41,42]. In addition, farmland conversion to construction
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land could also lead to intensification of farming, and abandonment and degradation of
farmland [43,44]. Governments try their best to maintain a balance between urbanization
development and farmland preservation by implementing much stricter policies for farm-
land conversion and ecological urbanization and construction [10,14]. As early as 2005,
the central land policy for the preservation of 1.8 billion mu (1.2 million km2) farmland
was established, which is a key environmental policy to cope with China’s land transfor-
mation crisis since the 1990s [45]. In addition, to improve the urbanization quality and to
strengthen the protection of farmland and natural ecosystems, the National Plan on New
Urbanization and the Opinions on Accelerating the Construction of Ecological Civilization
were promulgated in 2014 and 2015, respectively [39]. Under these policies, farmland loss
due to urbanization sharply declined after 2010. In addition, local governments’ behavior
has vital impacts on the conversion of farmland to construction land [14,46,47]. Driven
by particular interests, local governments converted farmland to urban land at a low
compensation and leased to developers at a much higher price [48], which significantly
affected farmland change under rapid urbanization [14]. To preserve agricultural land
and food security, a centralized fiscal reform in 1994 induced local governments’ land fi-
nancing behavior to significantly influence farmland conversion [14]. Although the central
government limits the total construction land quotas that local governments can lease to
developers, local governments still have sufficient autonomy to determine which parcel of
land to lease out [14], and they resorted to land leasing to gain extra revenue to finance
urban construction and balance fiscal expenditures [49]. This extra local revenue from
land leasing was approximately 33.7% of the local revenues from 2007 to 2012, which
mainly came from farmland conversion [50,51]. Lastly, the urbanization in Guangzhou,
Dongguan, Foshan, Shenzhen and Huizhou was faster than in other cities over the past
four decades (Figure 2); correspondingly, the area of farmland conversion to construction
land was greater in these cities than in the other cities (Figure 5). The same is observed
in other developing counties, like India, where farmland conversion to construction land
predominantly occurred in the districts with high rates of economic growth and higher
agricultural land suitability [22].
4.2. Ecosystem Service Value Changes due to Urbanization
Extensive urbanization has resulted in the degradation of farmland, which poses
a great threat to food provision security, ecological environmental protection, ESs and
regional sustainability [52–55]. In the past four decades, the ESV loss of farmland caused by
urbanization was 5036.7 million yuan in the GBA, and the highest loss was 2177.5 million
yuan from 2000–2010, followed by 1655.1 million yuan from 1990–2000. The change trend
of the ESV loss of farmland is similar to the change trend of farmland lost because of
urbanization, which is because the calculation of the ESV is based on area. In addition,
our results indicate that ESs such as hydrological regulation, food production and gas
regulation are particularly vulnerable to urbanization impacts (Figure 6c). As construction
land expands, a large area of farmland is converted to impermeable surfaces, which causes
rain and runoff to not penetrate the ground in time and participate in the natural water
cycle, which further heavily affects hydrological regulation [56]. For food production,
urbanization has multiple effects. Rapid urbanization in the GBA has led to an increase in
the agricultural land use intensity, cropping frequency and chemical fertilizer use, a decline
in the per capita availability of food grains, and soil and water pollution [10,22,57,58]. In
this complex context, both food production and security are seriously influenced. The
process of urbanization and industrialization inevitably causes environmental problems
such as air pollution [59], which predominantly originates from industry, transport, power
generation and construction [60]. Air pollution could lead to air quality deterioration and
thus influence regional gas regulation [59,60].
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4.3. Farmland Conservation and Ecosystem Services Protection
Governments have been striving to maintain a balance between urbanization develop-
ment and farmland preservation [10,14], and the results of this study show that farmland
loss due to urbanization sharply declined after 2010, but the results also indicate that
construction land expansion has increasingly become the dominant reason for the loss of
farmland in the GBA over the past 40 years. Therefore, it is still vital for governments to
take more effective steps to regulate construction land expansion and to develop trade-offs
and synergies among urban development, agricultural production and ecosystem preser-
vation [14,39]. Based on the results of this study, we provide several recommendations for
farmland preservation. First, to protect farmland and improve regional ESs, central and
local governments should strictly control the area of new construction land and strengthen
the construction of ecological cities and beautify countryside. In urban areas, the gov-
ernment could protect, plan and establish natural parks or green belts, including forests,
grasses and wetlands. In rural areas, the government should promote reasonable planning
for farmland use or exploitation. Governments can also ‘green’ abandoned industrial and
mining land with forests, grasses or water bodies to improve ESs. Second, governments
must strictly protect the red line of high-quality farmland and prohibit exploitation without
rational reasons. Third, local governments should maintain the requisition–compensation
balance of farmland, including the quantity, quality and ecological balance. For example, if
the quality of compensatory farmland is lower than the quality of requisitioned farmland,
then governments should invest more money to improve the quality of medium- and
low-yield farmland or exploit new farmland rather than invest in urban construction [41].
Fourth, local governments should take measures to prevent environmental pollution, such
as educating farmers to strictly control the use of agrochemicals and other soil additives to
prevent soil pollution, and strictly prohibit the direct discharge of domestic sewage and
industrial wastewater into rivers without treatment. Finally, the public should respond
to government policies and protect the environment. For example, to protect the water
and soil environment of farmland, enterprises and factories near farmland should strictly
treat sewage according to regulations, and discharge the sewage only after it reaches the
required standard. Farmers could reduce the use of pesticides and other chemicals to
reduce the pollution of the farmland environment.
4.4. Limitations and Future Works
Estimates of ESV regionally and globally in monetary units play a critical role in
heightening awareness and estimating the overall level of importance of ESs relative to and
in combination with other contributors to sustainable human well-being [37]. Therefore, it
is better for decision-makers and the public to consider the ESs as public goods or natural
resources, and take these values into account when scenarios and policies are changed.
However, this valuation method could not be used to examine the spatial changes in ESV.
In addition, the ESV of construction land in this study was considered as zero, which is not
appropriate in some degree and probably led to errors in the results. In our future work,
we would like to combine the valuation methods and other evaluation methods to acquire
more accurate results.
Farmland conservation and ecosystem services protection require cooperation in many
aspects, including from governments, experts and the public. Therefore, it is necessary
to build a system integrating geographic information system (GIS), spatial multicriteria
evaluation (SME) and participatory GIS (PGIS) approaches, where decision-makers, experts
and the public can participate and identify a range of ecosystem services [61–64]. Decision
maker can easily collect and manage the results, which is useful for land use planning.
That would be conducted in our future work.
5. Conclusions
This study explored the impacts of urbanization on farmland in the GBA from 1980
to 2018 based on multiple temporal land use datasets of the CNLUCC database. The ESV
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of farmland was also estimated by the valuation methods to study the ecosystem service
changes caused by urbanization. Our results showed that the total area of farmland loss
caused by urbanization was 3711.3 km2 over the past 38 years, leading to a direct decline
in total ESVs by 5036.7 million yuan. Paddy fields suffered much more losses than dry
farmland because of urbanization. The expansion of construction land increasingly became
the dominant reason for farmland loss in the GBA with the influence increasing from
39.3% to 96.6%. The value of hydrological regulation, food production and gas regulation
showed much more decline. Guangzhou, Dongguan, Foshan, Shenzhen and Huizhou had
the greatest total ESV loss of farmland caused by urbanization. The social development
background in China and local governments’ behavior played a vital role in the farmland
conversion to construction land. To protect farmland and improve regional ESs, the central
and local governments should strengthen the construction of ecological cities and beautify
countryside by increasing capital investment, strengthening supervision, and raising public
awareness of environmental protection, and the public should respond to land use policies
and protect the environment.
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Abstract: Landscape architects play a significant role in safeguarding urban landscapes and human
well-being by means of design and they call for practical knowledge, skills, and methods to address
increasing environmental pressure. Cultural ecosystem services (CES) are recognized as highly
related to landscape architecture (LA) studies, and the outcomes of CES evaluations have the potential
to support LA practice. However, few efforts have focused on systematically investigating CES in LA
studies. Additionally, how CES evaluations are performed in LA studies is rarely researched. This
study aims to identify the challenges and provide recommendations for applying CES evaluations to
LA practice, focusing specifically on LA design. To conclude, three challenges are identified, namely
a lack of consistent concepts (conceptual challenge); a lack of CES evaluation methods to inform
designs (methodological challenge); and practical issues of transferring CES evaluations to LA design
(practical challenge). Based on our findings, we highlight using CES as a common term to refer to
socio-cultural values and encourage more CES evaluation methods to be developed and tested for LA
design. In addition, we encourage more studies to explore the links of CES and landscape features
and address other practical issues to better transfer CES evaluations onto LA designs.
Keywords: landscape architecture; cultural ecosystem services; design; evaluation
1. Introduction
Cities experience increasing environmental stress given the sharp rise of city popula-
tions, and the consequent loss and degradation of urban green spaces. Landscape architects
therefore play a significant role in maintaining the human environment and well-being by
planning, design, and management of urban landscapes more than ever [1]. The Council of
Europe [2] defines landscape as an area that is perceived by people, and the character is
the result of the action and interaction of natural or human factors. Landscape architecture
(LA), as a profession, provides site planning, design, and management advice to improve
the character, quality, and experience of the landscape [3]. Design is the core activity of the
LA practice, considering many factors, such as the landscape itself, the intentions of the
clients, the interaction of the users and the design setting, the materials, and the processes
of creative expression. To do this effectively, landscape architects apply solid design pro-
cesses and implementation methods, elaborated on and explained in an increasing amount
of studies and publications on those topics. For example, Langley et al. [4] and Yue and
Shao [5] summarize the core knowledge domains of LA, including the evolution of analyti-
cal methods for LA planning and design. Milburn and Brown [6] and Lenzholzer et al. [7]
focus on incorporating research into the LA design process. Some scholars focus on new
tools, such as Li and Milburn [8] and Gu et al. [9], who work on geodesign as a design tool.
LA primarily aims to organize the complexity of the landscape into comprehensible,
productive, and beautiful places to improve the function, health, and experience of life.
However, landscape architects increasingly face new challenges within today’s rapid
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urbanization, such as designing resilient landscapes for adjusting to a changing climate
and controlling natural disasters, creating a sense of place, and managing the growth
of informal settlement [10,11]. Meanwhile, clients and the general public are no longer
only interested in the aesthetic value of landscape but also increasingly concerned about
ecological functions and environment conservation [12]. To achieve these multiple, often-
competing objectives, landscape architects need a clear understanding of the relationships
between humans and the environment and the interaction processes on how humans shape
the landscape they rely on and experience. Hence, there is an urgent call for practical
knowledge, skills, and methods to address these challenges within the LA profession [12].
The concept of ecosystem services (ES) refers to the benefits that people obtain from
ecosystems [13]. They highlight the contributions that environments and landscapes
provide for society and the economy and, more generally, for human well-being. They are
divided into provisioning services, regulating services, supporting services, and cultural
services [13]. In the last decade, several researchers conducted studies on integrating
ES evaluation into spatial planning policies such as land use/cover to foster sustainable
development. More recently, the relationship between ES and urban landscapes has also
been increasingly investigated. The outcomes of ES evaluations are recognized to have the
potential to support practical application and decision-making [14–19]. Among ES, cultural
ecosystem services (CES), namely the non-material benefits that people get from ecosystems,
are regarded as directly influencing human-wellbeing and having the potential to motivate
people’s willingness to protect urban greens [14,20]. Whether or not people are familiar
with the term, the concept resonates with nearly every human being, such as the experience
of recreational activities and scenery appreciations. Although different definitions have
been developed so far, CES are generally defined as the non-material benefits people obtain
from ecosystems [13], which was adopted by this study. CES evaluation is one of the biggest
challenges for further applying in practice. Evaluating what people obtain is a concise
way of disseminating the importance of ecosystems or landscapes [14]. Various evaluation
methods have been developed and they can generally be classified into monetary methods
and non-monetary methods, depending on whether the evaluation outcomes are expressed
by money or not [14]. The classification can be further divided into revealed preference
and stated preference methods. The revealed preference method means observing the
actual markets or human behaviors related to the CES to assess CES. The stated preference
method means directly asking about one’s values to assess CES [14]. CES evaluation studies
and LA studies share many commonalities. First, they focus on the “human dimension” of
landscapes [21]. For example, LA has long been concerned with questions of the human
perception of and involvement with nature. Meanwhile, CES evaluations heavily depend
on people’s perceptions and preferences. Second, both have a broad knowledge about the
assessment of aesthetic values, place identity, and cultural heritage on-site and in specific
contexts [21]. Landscape architects may not be familiar with ES or CES; however, they are
familiar with concepts such as aesthetics or heritage [22]. Third, both highlight the local
scale of different landscape types, especially while studying urban green spaces like urban
parks, gardens, and forests, and, fourth, both are concerned with the benefits provided by
landscape features that can enhance the quality of the landscapes and the entire system [23].
For example, parks are recognized as providing a range of CES, and, in many areas, these
relate to scientifically-assessed landscape features, such as the proportion of vegetation [24].
Similarly, De Valck et al. [25] test the different degrees of high or low vegetation that
indicate outdoor recreation.
CES are highly related to LA studies, and the outcomes of CES evaluations have the
potential to guide LA practices. Although they share many commonalities, few efforts have
focused on systematically investigating CES in LA studies. Additionally, how CES evalua-
tions are performed in LA studies is rarely investigated. This paper aims to identify the
challenges and opportunities of integrating CES evaluations into LA designs. Specifically, it
discusses the problems and challenges of existing studies, the examined CES categories, the
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implications and applications of evaluation methods, the links between CES and landscape
features, and opportunities for future study.
With this in mind, we specifically ask which CES are studied, what evaluation methods
are used, and how CES are connected to landscape features in LA studies. To achieve this,
we focus on three areas:
1. First, we focus on the existing publications about CES within LA studies through
bibliographic research. Looking at the existing publications from a scientific database
helps with understanding the status quo of the CES in LA studies. This approach
allows for investigating a topic comprehensively and covering a large timespan [26].
2. Second, we focus on how landscape architects express their ideas in design proposals
related to CES through a systematic review of design proposals. Design proposals
differ in scale and complexity. They involve various constituent elements for a variety
of purposes and scales. They are often used to present design outcomes and commu-
nicate with clients. Focusing on the design proposals helps with understanding why
CES are important, and how the abstract CES are expressed by the physical landscape
features, according to designers.
3. Third, we focus on how landscape architects state their ideas and values related to
CES through interviews. Not all of the information is shown in design proposals. The
design process is complex, and the mechanisms behind the designs are unknown.
Moreover, more practical issues can only be revealed by interviewing the designers as
dealing with those issues is one of their daily tasks. Hence, we interviewed landscape
architects directly to reveal more detailed information that might be missed, to reveal
the real thoughts of designers and to get the primary data for further analysis.
Combining these three methods provided a comprehensive knowledge of CES evalua-
tion in LA fields. In addition, this study focused on urban parks in China. As an important
component of urban green spaces, urban parks are crucial for securing human well-being
by providing diverse benefits, and they have been studied by ES and LA fields. Urban
parks are important indicators used to estimate the quality of life in a city. Moreover,
studying urban parks is vitally important for their design, planning, and management,
especially in the case of China, which is experiencing increasing social and environmental
pressure caused by the rapid population growth in cities. Hence, it is an urgent call for
valuable tools to aid urban park design.
2. Methods
We combined three methods to investigate the challenges and opportunities of ap-
plying CES evaluations in LA studies. Table 1 shows the study process. Specifically, we
first reviewed existing scientific articles to have a general overview of the research on
urban parks and identify items related to CES and the links between these terms. Then, we
conducted a systematic review of selected park proposals based on a guideline (Table A1
in Appendix A). Subsequently, we interviewed landscape architects directly to know their
thoughts about CES evaluations and other practical issues (Table A2).
Table 1. Overview of the study process.
Study Process Data Collection Data Analysis
(1) Review journal articles, dissertations, and conference papers from CNKI database 5273 publications Quantitative
(2) Systematic review of park proposals 83 proposals Quantitative
(3) Interviews of landscape architects 12 interviewees Qualitative
CNKI is a key national information and knowledge database that includes journals, doctoral dissertations, master’s theses, proceedings,
newspapers, yearbooks, statistical yearbooks, patents, standards, etc. in China.
2.1. Review of Keywords and Abstract of Scientific Publications
To review the existing publications about CES within LA studies, we used key terms
and phrases based on reviewing the abstracts and keywords of scientific publications. This
technique can be used to quantify a large sample [26,27]. We first searched “landscape
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architecture design*” and “urban park*” in the China National Knowledge Infrastructure
(CNKI) database, including journals, dissertations, and conference papers. We set the
timespan up to November 2019, which resulted in 5273 items. Then, we screened the
key terms using CiteSpace.5.5.R2 (parameter settings: Years Per Slice: 2; Node Types:
Keyword). The frequency of the keywords could reflect hot topics and core content over a
set period [28]. Subsequently, we counted the occurrence frequency of key terms in relation
to CES. There are different definitions and classifications of CES, and different authors use
different terms based on their study focus. Here, we recorded the terms that the authors
reported. Finally, other terms were also presented and counted if they were linked to
CES terms.
2.2. Review of Design Proposals
A systematic review was conducted to review the design proposals of urban parks in
China. More specifically, we first collected park proposals from LA companies, government
agents, and internet searches. A balance of park types and scales were also noticed, and,
finally obtained, 83 items were obtained. Second, we asked a set of questions when we
reviewed each park proposal and recorded the answers (Table A1), including the time, park
scales, park types, CES types, evaluation methods, and the relationships with landscape
features. More specifically, we set the classification of the answers of identified proposals
as shown in Table 2. There are several different classification mechanisms of urban parks,
and it is beyond the scope of this study to give a comprehensive account of the various
classifications. In this study, we based on the Standard for Classification of Urban Green
Space of China.
Table 2. Review of design proposals.
Question Categories Answer Descriptions
(1) Time The year the design proposal came out.
(2) Scale The size of the park.
(3) Type
The urban park was classified into four major categories:
comprehensive park, community park, topic park (children’s park, the
cultural relics park, the commemorative park, zoological garden, sports
park, etc.), and belt-shaped park. Among them, comprehensive parks
include a large area of green land and numerous public service
facilities, which are the main locations for residents to recreate, and a
significant public open space [29].
(4) CES types
We identified CES types by focusing on the non-material characteristics,
meaning there was no pre-set classification before reviewing each
proposal. We recorded the original terms that authors reported in
proposals and similar terms were grouped.
(5) Evaluation of CES methods We recorded if the designers introduced CES evaluation methods intheir design proposals.
(6) The relationships with other landscape
elements/features (vegetation, benches, etc.)
The classifications of characteristics were selected from the literature
that focused on the park characteristics, including Bertram and
Rehdanz [30], Campbell et al. [31], Chiesura [32], and Hegetschweiler
et al. [33]. Based on this classification, we recorded and grouped the
terms that the authors reported in their designs. For the detailed types,
see Table A1.
2.3. Interviews of Landscape Architects
To reveal more detailed information from designers, 12 semi-structured phone inter-
views were conducted between November, 2019 and January, 2020. The interviewees were
landscape architects with rich experience in park design in China and consisted of three
groups. The first group consisted of designers in the government’s LA design institute.
The second group was made up of professors working at the university who were also
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doing LA projects, and the third group contained landscape architects from LA design
companies. The interview started with a brief description of this study. Subsequently, a set
of questions was asked based on guidelines that directed towards our research questions
(Table A2). The interviewees were prompted with a talk-generating question, and the
structure of the interview was adjusted to their statements. Each interview was conducted
over 30 to 90 min, depending on the interviewee’s interests and schedule. In addition, the
results were qualitatively analyzed according to the research goals. For the presentation
of our results, quotations were translated from Chinese to English. The interview texts
were summarized when interviewees shared the same ideas. The individual ideas were
recorded independently.
3. Results
3.1. CES in Scientific Publications
This section presents the high-frequency keywords assigned by the CNKI database.
A minimum of two occurrences of each keyword was included in the network, resulting
in 208 keywords and 1266 links. Notably, we merged similar terms, because the original
language was Chinese, and some terms share the same meaning, and the final results
contained 30 keywords (Table 3). Specifically, the results revealed that regional/local
culture (frequency = 212), humanization/user-friendly (85), and cultural characteristic (70)
were mentioned far more than other keywords. Other high-frequency keywords included
historical culture (16), urban culture (9), theme culture (8), leisure and recreation (8),
and place spirit (5). All of these keywords served as a reference point for finding and
understanding the possibilities of applying CES in the landscape design of urban parks.
Table 3. List of keywords in relation to CES.
Keyword Frequency Keyword Frequency
Regional/local culture 212 Expression 4
Humanization-/user-friendly 85 Experience 4
Culture characteristic 70 Art 4
Historical culture 16 Creative 3
Urban culture 9 Nature education 3
Theme culture 8 Urban characteristic 2
Leisure and recreation 8 Culture heritage 2
Place spirit 5 Social life 2
Ecological aesthetic 4 Tradition 2
In addition, the intensity of the link between two keywords was computed based
on the number of times they were mentioned together. Sixty-three keywords were found
linked to the CES keywords (Table A3). The main connecting keywords were landscape
architecture design (23), landscape architecture (23), urban park (18), theme park (11),
and ecology (8). The first three keywords were expected as they were our search terms.
Other highly linked keywords included design (7), plant design (7), local culture (7),
urban culture (6), historical culture (6), waterfront landscape (6), landscape renovation (5),
humanization/user-friendly (5), urban wetland park (5), and comprehensive park (5).
Other items, such as sculpture, environmental infrastructure, and plant community, were
related to landscape features. There were surprisingly no terms directly about evaluation
or evaluation methods.
3.2. CES in Park Proposal
The sizes of the 83 reviewed parks ranged from 2.5 ha to 1500 ha between 2003 and
2019. The parks included 31 comprehensive parks, 37 topic parks, 7 community parks,
and 8 belt-shaped parks (Figure 1). Topic parks included the wetland park (6), the sports
park (6), the expo park (5), the children’s park (3), the water park (3), the amusement
park (2), the botanical garden (2), the shopping park (2), the ecological park (2), the cultural
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park(2), the lake park (1), the cultural relics park (1), the commemorative park (1), and the
zoological garden (1).
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Figure 1. The types of the park.
The concept of CES was not found in park proposals, but 50 terms were identified in re-
lation to CES (Table 4). The most mentioned types were recreation (73), education (26), and
aesthetic (13), followed by traditional culture (12), sense of place (11), social interaction (10),
history (8), Shan-Shui culture (8), sense of nature (7), art (7), tourism (6), and experience (6).
Recreation included walking, running, boating, fishing, biking, bird watching, tea dinking,
flower watching, farming, bird watching, fishing, skating, etc.
The majority of proposals (74) mentioned that they used a document research approach
through analyzing materials such as landform, existing information and data, and master
plan. Among them, 56 proposals analyzed successful case studies in China and other
countries. Twelve proposals stated that they conducted field surveys, and four used
questionnaires to ask people how they perceived the existing parks and what they liked.
Landscape features were wildly used to link CES to designs, and 26 features were
found in proposals (Table A4). Plants (41) were the most mentioned feature in park
proposals, followed by architecture (28), playground (26), sculpture (21), and sports-/fitness
facilities (20). Other features, such as signs (19), furniture (12), recreation facilities (10),
path (9), water (8), and landform (7), were also mentioned often.
3.3. CES in the View of Landscape Architects
Three interviewees who were also involved in landscape education in a university
stated that they knew the concept of CES, but they had not used it in their designs. The
other interviewees stated this was the first time to hear about this concept. However, the
landscape architects were familiar with related terms, such as socio-cultural value. They
stated that it is essential that parks are designed for recreation, aesthetics, and education
purposes. They agreed on the importance of socio-cultural values and non-material benefits
in LA designs. However, they also stated that it is difficult to be aware of them and capture
them because of their abstract and intangible characteristics, which often depend on
designer’s experience, values, and preferences.
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Table 4. CES categories in park proposals.
CES Category Number CES Category Number
Ethnic culture 1 Spiritual 4
Education 26 knowledge 1
Recreation 73 Tourism 6
Spiritual and religious value 3 Shopping experience 1
Cultural diversity 3 Identity 3
Traditional culture 12 Respect of nature 1
History 8 Love 2
Sense of nature 7 Traditional philosophy 1
Life style 1 Peace 1
Local culture 3 Agricultural culture 3
Experience 6 Cultural interaction 1
Sense of place 11 Fairy tale 1
Social interaction 10 Tranquil 1
Social equity 1 Human friendly 1
Folk culture 5 Historical celebrities 1
Memory 1 Local identity 1
Aesthetic 13 Commerce culture 1
Art 7 Local connection 1
Patriotism 1 Industry culture 1
Cultural heritage 2 Surname culture 1
Celebrity culture 1 Minority culture 1
Food culture 3 Ancient drama culture 1
Social relations 5 Ancient architectureculture 1
Shan-Shui culture 8 Adventure 1
Health 2 Technological culture 1
On the one hand, landscape architects recognized the huge potential of CES evalu-
ations to support their practices. They claimed that it may help them capture cultural
benefits and better understand human and environmental processes and further integrate
them into the ES framework to achieve multifunctional landscapes, not single-function
landscapes. Designers stated that it is difficult to find an overarching value that would
allow aesthetic, social, economic, and environmental values to be measured against one
another [34]. Moreover, it should be a useful tool to communicate with clients and stake-
holders by showing them potential benefits. One designer stated, “It’s very important for
communicating with clients who make the final choice. Therefore, you’re actually selling
your ideas to them and somehow persuade them to trust your designs. So more supporting
proofs are needed to strengthen your design plans.”
However, designers also stated that there are still many issues to be addressed. The
biggest challenges are the methodological and practical issues. For example, the inter-
viewees asked series of questions: “when do I need to evaluate CES and in which stages
(before design, during design, or after design)?” “What methods do I need, and how?”
“What kind of expertise is needed for this?” “Do I need CES experts to aid me?” “Who is
involved in this evaluation, and how can it be facilitated?” “What is the difference when
dealing with different parks of different scales? For example, the design of children parks
is totally different from the zoological garden.” “Does it influence the designer’s creative
expression or artistry?”
When asked how they transfer the CES to their designs, designers stated that recre-
ation, aesthetics, or educational values are easier to express. For example, recreational
values are often expressed by creating spaces for recreation and equipping them with
recreational facilities. As for the other more abstract CES, designers stated that they are
often inspired by history, a story, a culture, or a celebrity, and they often use physical
landscape features to create the cultural atmosphere. For example, Shan-Shui culture was
highlighted by interviewees; one stated, “Shan-Shui refers to mountains and rivers and
broadly refers to nature in general, which is an important source of inspiration for creating
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places.” Another example is the use of plants: “Bamboo, for example, is often used in
designs to emphasize the elegance of the environment because, in Chinese culture, it is a
symbol representing the character of moral integrity, modesty, and loyalty.” Sculptures are
also widely used to commemorate a celebrity or historical event or person. Designers also
stated that the process is complex and depends on sites and specific contexts.
4. Discussion: Challenges and Opportunities
This study focuses on which CES are studied, what evaluation methods are used, and
how the concepts connected to physical landscape featured in LA studies. In this section,
we highlight three key challenges based on our findings and further discuss opportunities
for landscape architects to contribute to apply CES evaluations into LA studies in the future.
4.1. Conceptual Challenges: A Lack of Consistent Concepts
Although the term CES was not been used, various socio-cultural values were found
in the LA publications and design proposals. Local culture and historical culture were
widely highlighted, benefiting from the fruitful history and culture of China. Landscape
architects did not use the term CES because the concept of CES is relatively new, proposed
in recent decades. Chinese scholars seemed to be unaware of this progress until recent
years, and the number of studies focusing particularly on CES is still very limited [35]. In
addition, some interviewees stated that they are unaware of the latest research trends or
methods because they do not read international research publications as their English is
poor. Another landscape architect stated that both CES and other terms he often uses such
as historical culture or Shan-Shui culture all refer to the social-cultural values, so it does
not matter whether he uses the term CES or not. The landscape architects also highlighted
that the key is how to evaluate them and use them to guide the LA design practice.
Although CES have a range of definitions based on diverging views, leading to
alternative classification schemes, they are generally described as socio-cultural values or
non-material benefits. There are several mainstream classifications of CES in ES studies,
such as the Millennium Ecosystem Assessment classification, Economics of Ecosystems and
Biodiversity, Common International Classification of Ecosystem Services, Final Ecosystem
Goods and Services Classification System, and, more recently, the Intergovernmental
Platform on Biodiversity and Ecosystem Services. Diverse classifications were developed
to clarify CES, and they are still in progress [36,37]. However, a consistent concept is
necessary as this gives an opportunity to organize a dialogue and cooperation between
LA and CES studies [21]. CES have the potential to be a common term referring to socio-
cultural benefits. The results show that many CES are referenced and studied in LA research
and design proposals but not by explicitly using the term CES. Hence, an opportunity is
missed by not highlighting the link between the environment and humans that implicitly
exists within the research and proposals. Given that this anthropocentric rationale can be
effective at generating support for environmental conservation [38], the explicit inclusion
of the CES concept may also lead to better ecosystem protection in general [39]. Moreover,
practitioners who lack basic knowledge about CES concepts may be less aware of what
could benefit from their designs. Hence, the inclusion of a common term, concept, or
definition for CES in the LA studies and design proposals and other similar documents is
needed to promote LA practice. Furthermore, the existing CES evaluation studies by many
other countries and their various methods and indicators can inspire LA studies in China.
However, a concern about the use of CES evaluations by designers is that the application
of CES as a scientific concept might cause a loss of creativity and artistic thinking. It is a
challenge for designers to balance the evaluation and creativity, which requires designers
to have a full understanding of the knowledge of CES and LA design.
4.2. Methodological Challenges: Lack of Evaluation Methods to Inform Designs
Most design proposals use document research, followed by questionnaires which are
based on people’s preferences and perceptions. In reality, expert-based methods are the
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most used, even when this is not mentioned in the proposals. Indeed, the designs highly
depend on the experiences, skills, and values of the designers as experts, and evidence-
based design is widely used for LA designs in China. An evidence-based design highlights
the process of design by critically and appropriately integrating various aspects, such as
credible data, practitioner design expertise, client needs, and resources, in order to achieve
project objectives [40]. Although evidence-based design has been widely used, it has
been simultaneously critiqued for rigidity and misapplication in China. Hence, landscape
architects gravitate to the support of research by integrating “research-informed design” as
a broader term with concepts, fields, tools, or methods to support their practice. In this
study, CES is regarded as a research tool that has the potential to aid LA practices. It is clear
that, although CES are difficult to evaluate, a systematic evaluation of CES could guide the
designers to capture and maximize them.
The diversity of CES study methods provides a rich inventory for scholars to assess
CES. Instruments for assessing CES, including quantification, valuing, mapping, and mod-
eling, are increasingly studied in CES and ES research. Many evaluation methods provide
an opportunity to evaluate CES in LA studies. The evaluation methods are generally
divided into monetary and non-monetary methods or revealed preference and stated pref-
erence methods as introduced in the first section. Cheng et al. [14]; Hirons et al. [41]; and
Spangenberg and Settele [42] summarize the evaluation methods. In urban green space
studies, non-monetary methods were used more, especially questionnaires and interviews,
which emphasize the preferences and perceptions of people. It highlights the importance
of the role that humans play in interaction with landscapes. Participatory mapping can be
used to evaluate the crucial locations and settings for an urban park. Such assessments can
provide valuable information for designers to increase CES provisions in the urban land-
scape. A social media-based method was used to reveal people’s preference of CES based
on the social media data from various resources such as Flickr or Instagram. Monetary
methods, such as willingness to pay (WTP), can be used to know people’s preferences for
specific park settings. Both monetary and non-monetary methods and their combinations
are encouraged to be used in LA studies. To achieve this, combing economics with other
disciplines such as social or behavioral sciences is significant to know how to shift human
aspects to environment setting, which is encouraged in future studies.
4.3. Practical Challenges: Practical Issues of Transferring CES to LA Design
In addition to the conceptual and methodological challenges, there are also more
practical issues. They are: the relationships between CES and landscape features, the
evaluation scopes (i.e., park types and size), data collection, and operation.
4.3.1. CES and Landscape Features
CES are highly related to landscape features. Sculpture, environmental infrastructure,
and plant community were identified in the publications review. In addition, plants, archi-
tecture, playground, sculpture, and sports-/fitness facilities were the features used most to
indicate CES in the reviewed design proposals. Landscape architects also highlighted the
importance of the landscape features to express their ideas about CES. Linking the CES to
physical landscape features is regarded as an efficient way to ground the abstract concept
into the designs. The link between CES and landscape features provided an opportunity to
help designers easily grasp CES and create essential links between ecosystem processes
and management actions [43]. For example, some studies have tried to link CES to a
location by means of participatory mapping, which allows people to mark the sites of CES
(see Brown and Hausner [44]; Bryan et al. [45]; and Plieninger et al. [46]). Such studies
provide designers with insight into the location of CES supplies and their correlations with
specific features [30]. De Valck et al. [25] test the influence of different degrees of high
or low vegetation on recreation and how such specific connections have the potential to
support the vegetation design and landscape management. Benches are also regarded
as an indicator of aesthetic values that can guide LA designs [47]. However, the number
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of studies linking CES and landscape features are still limited, and future studies should
focus more on the links between CES and landscape features to guide LA designs.
4.3.2. Scopes, Data Collection, and Implementation
Many other factors influence the transfer of the concept of CES into LA design. The
design process is complicated, and landscape architects need to coordinate a series of tasks
to be performed by a number of people over a set period. They need to consider factors
such as scale, types, layout, and features and organize the landscape to create a functional,
comprehensible, and beautiful place. In addition, landscape architects need to consider the
data collection and operation process when integrating CES evaluation into this process.
Specifically, the first issue is the evaluation scope including park scales and types.
Parks with different types and scales have different expressions. For instance, sports parks
emphasize recreation more than commemorative parks, which highlight spiritual values as
stated by designers, and, in this case, landscape architects often have to trade off different
CES. Meanwhile, different parks with different sizes add complexity. Hence, defining
types and scales is crucial at the beginning to clarify the study scope and further select
evaluation methods.
The second issue is how to collect the data. Data collection is significant to support
practices, and depends on what methods are selected. The data can be divided into primary
data or secondary data and quantitative data or qualitative data. For example, LA designs
often depend on the secondary data derived from the document research, and primary
data derived from the interviews. The primary data often engage stakeholders because
CES evaluation is recognized to rely heavily on people’s preferences and perceptions.
LA is a user-inspired and user-useful discipline that requires designers to achieve the
requirements of the clients and collaborate with them, making it more complex. CES
evaluation could contribute to the increased congruence between different stakeholders. It
is a useful tool for communicating with clients by showing what benefits they can have
based on design proposals.
The third issue is the operation of the CES evaluation, such as who is involved in the
evaluation and how it can be implemented. There is often a lack of local research capacity
to undertake valuation research [48], which requires designers to have the capacity to act
as enumerators or facilitators. As most designers do not know about CES, training on how
to evaluate CES is essential for designers. Additionally, the development of evaluation
methods, toolboxes, and practical guidelines is important to aid designers. Meanwhile,
cooperation with ecologists or other experts is also highly encouraged at the beginning.
We take account of the complexity of practical issues and emphasize that there is not
one simple and straightforward way to address practical issues. This study presented
assumptions and discussions for tackling the complexity of involving CES evaluation in
landscape design.
5. Conclusions
Landscape architects are facing increasing pressure due to rapid urbanization and
call for practical knowledge, skills, and methods, etc. to support their designs. This study
proposes that the concept of CES could have the potential to address their pressures by
integrating CES evaluation in LA designs. This study identified three challenges, including
consistent concepts, methods for evaluating CES, and practical issues of transferring CES to
LA design. We further provided recommendations about how to deal with these challenges
by highlighting opportunities for designers to contribute to LA and CES research in the
future. (1) We highlighted developing consistent concepts and highlighted using CES as a
common term to refer to socio-cultural values. (2) We encouraged using more evaluation
methods to assess CES in LA studies, including monetary and non-monetary methods,
such as WTP, participatory mapping, and the social media-based method. In addition,
(3) we encouraged more studies addressing various practical issues to better guide LA
designs. The first issue is to define park types and scales, which is crucial at the beginning
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to clarify the study scope and further select evaluation methods. The second issue is to
collect data, especially the primary data that are often ignored in LA studies. The third
issue is to develop evaluation methods, toolboxes, and practical guidelines to aid designers.
In addition, training on how to evaluate CES is also essential for designers.
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Comprehensiveness park, community park, topic park (children’s park,
the cultural relics park, the commemorative park, the zoological garden,
and the botanical garden, etc.), and belt-shaped park.
(3) Park scale Size
(4) In relation to CES categories
Cultural diversity, spiritual and religious values, knowledge systems,
educational values, inspiration, aesthetic values, social relations,





Document research, questionnaires, and interviews, etc.
(6) In relation to landscape features
If yes, what?
Yes/No
Landform, plant, recreation facilities (camping, picnic, BBQ, Bird/fish
feeder, birdbath, bird box, etc.); water, architecture, benches, sculptures,
etc.
Table A2. Example of interview guidelines.
Interviewer:




Have you ever heard about the concept of CES, ES, or services, etc.? If yes, how do you think about this concept? If no, the
interviewers will explain the concept to interviewees.
Q2.




What challenges can you imagine for transferring CES into your design?
Q4.
What the opportunities can you think of for applying this concept in your daily design?
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The interview begins with an informed consent about the recording and an explanation
about the confidentiality of the interview. Following is a rough and easy to understand
description of the aim of our study.
Table A3. Keywords link to CES.
Keyword Frequency Keyword Frequency Keyword Frequency
landscape architecture design 23 forest park 2 experience 1
landscape architecture 23 urban 2 protection 1
urban park 18 environmentalinfrastructure 2 renew 1
theme park 11 function 2 sustainable development 1
ecology 8 geology park 2 community park 1
plant design 7 old people 2 mountain park 1
design 7 ecological design 2 rural landscape 1
local culture 7 development 2 country park 1
historical culture 6 place/cite/space 2 design point 1
waterfront Landscape 6 landscape development 2 expression 1
humanization/user-friendly 5 ecological landscape 2 ecological restoration 1
urban wetland park 5 leisure and recreation 2 creative 1
landscape renovation 5 integrate 2 exemplary 1
comprehensive park 5 recreational space 2 environment 1
nature 4 urban culture 1 design principle 1
urban green 4 urbanization 1 plant community 1
open space 4 park design 1 urban design 1
culture 4 point, line, and surface 1 recreational behavior 1
design strategy 3 characteristic 1 influence 1
wetland 3 application 1 modern 1
architecture design 3 cultural heritage 1 sculpture 1
Table A4. Landscape feature categories in park proposals.
Code Category Number Code Category Number
1 Plants 41 14 Bridge 4
2 Architecture 28 15 Bench 5
3 Playground 26 16 Market square 2
4 Sculpture 21 17 Children playground 2
5 Sports-/fitness facilities 20 18 Lawn 2
6 Signs 19 19 Local stone 2
7 Furniture 12 20 Fountain 2
8 Recreation facilities 10 21 Camping facilities 1
9 Path 9 22 Shopping street 1
10 Water 8 23 Stores 1
11 Landform 7 24 Viewing platform 1
12 Lighting 5 25 Lighting tower 1
13 Tower 5 26 Watch tower 1
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Abstract: More communities around the world are recognizing the benefits of green infrastructure
(GI) and are planting millions of trees to improve air quality and overall well-being in cities. However,
there is a need for accurate tools that can measure and value these benefits whilst also informing
the community and city managers. In recent years, several online tools have been developed to
assess ecosystem services. However, the reliability of such tools depends on the incorporation of
local or regional data and site-specific inputs. In this communication, we have reviewed two of
the freely available tools (i.e., i-Tree Canopy and the United Kingdom Office for National Statistics)
using Bristol City Centre as an example. We have also discussed strengths and weaknesses for their
use and, as tree planting strategy tools, explored further developments of such tools in a European
context. Results show that both tools can easily calculate ecosystem services such as air pollutant
removal and monetary values and at the same time be used to support GI strategies in compact cities.
These tools, however, can only be partially utilized for tree planting design as they do not consider
soil and root space, nor do they include drawing and painting futures. Our evaluation also highlights
major gaps in the current tools, suggesting areas where more research is needed.
Keywords: urban ecosystem services; urban tree planting; i-Tree Canopy; Office for National
Statistics; health damage costs; United Kingdom
1. Introduction
Air pollution caused by the growth of urbanization and industrialization continues to
plague societies in the twenty-first century [1]. Urbanization plays a major role in worsen-
ing ventilation conditions and increases the emissions of pollutants [2]. The transformation
of land use, caused by urbanization, reduces ventilation quality via building morphology
and, indirectly, the urban wind velocity [3]. Air pollution derived from human activities
comes from both indoor and outdoor environments [4]. It causes harm to health, decreases
economic growth, and augments social problems (i.e., by way of knock-on societal ef-
fects) [5]. In 2015, the World Health Organization [6] estimated 4.3 million deaths occurred
due to indoor air pollution and 3.7 million due to outdoor air pollution (i.e., 8 million
for the year). Data published by the United Kingdom (UK) Royal College of Physicians
demonstrates that there are around 40,000 fatalities each year due to air pollution [7].
Several studies show that green infrastructure (GI) can improve air quality in cities [8–11].
In particular, urban vegetation provides several ecosystem services and plays a vital role
in air pollutant removal, heavy metal removal, rainwater interception, and microclimatic
improvements [12–14].
Planting millions, billions, or even trillions of trees as a simple solution to air pollution
and other major environmental problems is being proposed by an increasing number
of global, regional, and national projects [15]. Large tree planting can also improve life
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satisfaction [16,17]. According to Jones’ [17] research, life satisfaction among NYC residents
improved by 0.018 points on a 4-point scale during the first three years of the Million
Trees NYC initiative, when over 400,000 trees were planted. This is a USD 505 increase
in per capita monthly family income, or a 6.5% gain. According to the existing literature
on the benefits of urban trees, the observed increases in life satisfaction following Million
Trees NYC could be due to improved air quality, lower ambient temperatures during the
spring and summer, lower crime rates, improved recreation and exercise opportunities, or
greater social and community cohesion [17]. Tree planting, however, is a lot more difficult
than it appears [15]. It takes between 15 and 40 years for a tree to grow a sufficiently
large canopy to offer several ecosystem services (e.g., aesthetics, reducing air pollution,
controlling rainwater, and carbon storage) [18]. However, street tree growth is influenced
by critical landscape design issues that affect access of the tree roots to water, air, and
nutrients [19]. Landscape architects and urban foresters should consider the concept of
“optimal planting,” which includes several factors such as the extent of rooting space and
the quality of urban soils for supporting trees [19,20]. Therefore, there is a need for tools
that can aid in the process of tree planting as well as the implementation of landscape
design in order to guarantee healthy trees can provide sufficient ecosystem services in the
built environment [21].
In addition to tree planting campaigns, several nations and towns throughout the
world have made deliberate pledges to provide high-quality GI [22,23]. In particular, GI
strategy (which outlines which GI and ecosystem service assets already exist and how they
can be improved [24]) serves as the foundation for policies and decisions on development
proposals in cities to avoid loss or harm before considering mitigation or compensatory
measures [25]. However, an issue raised in the scientific literature and by stakeholders
is a lack of reliable friendly user models with local data for assessing ecosystem services
that support GI strategies [26], as well as strong evidence on the most cost-effective and
sustainable models and procedures for long-term management and maintenance of high-
quality GI [22]. Therefore, rapid ecosystem services evaluation tools and models have
sparked widespread interest across all sectors; nonetheless, it is widely acknowledged that
systematic use of ecosystem services in decision- and policy-making necessitates a level of
accuracy that is seldom achieved in practice [27,28]. Experts from the disciplines of forestry,
agriculture, urban planning, and environmental engineering must collaborate to develop
accurate tools that can simulate plant-built environment interactions [29]. Fortunately,
numerous models that simulate and quantify energy, water flows, and ecosystem services in
various ecosystems already exist [29]. For example, the last few years have seen an increase
in the use of the United States Department of Agriculture, Forest Service i-Tree tools in the
American and international market (e.g., Australia, Canada, Mexico, South Korea, much
of the European Union, and the UK). Even though the science and development of the
i-Tree tools date back to the mid-1990s, the software suite was released as a framework
for science delivery in 2006 [30]. Today, i-Tree tools include several desktop applications
(e.g., i-Tree Eco and i-Tree Hydro) and web-based applications (e.g., i-Tree Canopy, i-Tree
Country, i-Tree Design, and i-Tree Species) that provide baseline data for tree benefits and
planning over time [26,31].
In the UK, for instance, several ecosystem services provided by GI that specifically
target air pollutant removal have been calculated using i-Tree tools. For example, dating
back to 2011, the i-Tree Eco project started in Torbay, England that has now been introduced
in more than 20 cities and towns [32,33]. In 2013, Natural England [34] evaluated three
of the tools (i.e., i-Tree Design, i-Tree Eco, and i-Tree Streets) for applications nationwide.
i-Tree Eco uses data collected using standardized time-consuming field methods that
require professional foresters and arboriculturists [26,33] in which data on the number and
health of trees assess their quantity and monetary value (i.e., in terms of air purification,
carbon storage, and carbon sequestration [32]). Similarly, ready-made GI valuation tools
available online can be used by those with little to no ecological background or training,
offering low-budget alternatives for applications and assessments [34]. In particular, i-Tree
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Canopy (i.e., estimating tree canopy levels using aerial photography) as well as the UK’s
Office for National Statistics tool (i.e., framed by using postcodes)—both based on different
spatial parameters and methods—have been mostly used to assess GI benefits and the
UK natural account. Specifically, the Office for National Statistics tool was created in
response to the government’s commitment to incorporate natural capital accounting in the
UK Environmental Accounts by 2020 [35]. In addition, the UK Government has pledged to
boost tree planting rates across the country to 30,000 ha per year. Between 2020 and 2025,
they have allocated over GBP 500 million of the GBP 640 million Nature for Climate Fund
on trees and forests in England to assist this goal [36]. To meet these ambitious goals in
the coming years, evaluation tools and new guidance through the National Model Design
Code on how trees can be included in the built environment (including design parameters
for street tree placement) are required [36].
Moreover, such publicly-funded planting efforts rarely receive formal or even informal
benefit-cost analyses, implying that large amounts of resources (i.e., financial, labor, etc.)
are being deployed without a clear understanding of their returns, preventing comparisons
of the net benefits per penny spent on afforestation to other potential urban improvement
projects, such as early childhood education [17]. Thus, understanding the net benefits of
urban trees is essential for justifying public-funding planting efforts or just allocating money
to maintain existing urban trees on public land [37]. In this effort, this communication
examines tree cover and relating ecosystem service utility using the Bristol City Center as
an example by: (1) illustrating the main features of free user-friendly web applications (i.e.,
i-Tree Canopy and the Office for National Statistics tool), and (2) comparing i-Tree Canopy
Version 6.1 (i.e., using American quantified datasets), Version 7.1 (i.e., local UK quantified
datasets), and the Office for National Statistics website in the context of their use and as
tree planting strategy tools in Europe. The tools are centered on aiding policymakers to
best understand the benefits of maintaining trees and GI in terms of a balanced urban
ecosystem services output.
2. Materials and Methods
2.1. Study Area
Bristol is the largest city in South West England with an estimated population of
463,400 people [38]. In 2019, Bristol’s Council Cabinet approved a GBP 4 million, five-
year management contract for preserving the city’s trees, with the goal of doubling the
city’s tree canopy [39]. A commissioned report from the City Council showed that around
300 deaths each year (i.e., 8.5% of total deaths) in the City of Bristol had been attributed to
air pollution [40], making it crucial to control and reduce air pollution in certain areas. The
study area is comprised of six areas in Bristol City Centre according to the postcode BS1 (i.e.,
Bristol Central, see https://www.streetlist.co.uk/bs/bs1, accessed on 1 June 2021) with a
population of 11,991 inhabitants living between Broadmead and Wapping Wharf (Figure 1).
The choice was supported by: (1) preliminary desk research using ArcGIS Version 10.5.1
and the EDINA Digimap web-based mapping service that evaluated the physical BS1
zones, which took into account the location of air pollutant monitors, population density,
and NO2 concentrations and found that NO2 is above the UK legal limits within postcodes
BS1-2 and BS1-3 [41], and (2) according to council figures, it has planted approximately
6000 trees in each of the last four years. However, far too many of these are younger, smaller
trees that are not in the city center, where they are most needed, and will take decades to
reach maturity [42]. The six areas (i.e., letters A–F) represent the postcode sectors within
the BS1 district—each with an area of 1 km2.
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deposition (i.e., in terms of kilo tonnes per year) throughout the UK in 2015. The negative 
values for several pollutants removed by urban water, which are legitimate outputs of the 
scenario comparison, imply that dry deposition to water would be higher if there were no 
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2.2. Office for National Statistics Web-based Application
Quantified pollution removed by vegetation (i.e., per kg) and avoided health damage
costs (i.e., GBP per person) in each area is calculated using the Office for National Statistics
website [43]—an online tool developed by the Centre for Ecology and Hydrology. The tool is
available online at: https://www.ons.gov.uk/economy/environmentalaccounts/articles/
ukairpollutionremovalhowmuchpollutiondoesvegetationremoveinyourarea/2018-07-30, ac-
cessed on 1 June 2021. This calculator also provides the avoidable health damage costs
per person within postcodes and compares it to the UK average. In 2020, to calculate
pollution removed by vegetation as well as the avoided health damage costs for the se-
lected areas, we have entered postcodes within the BS1 district into the Office for National
Statistics tool (i.e., area A = BS1-1 and BS1-2, area B = BS1-2 and BS1-6, area C = BS1-6, area
D = BS1-6, area E = BS1-4 and BS1-6, and area F = 1-6). The Office for National Statistics
website’s methods are being developed to incorporate the values within the UK’s natural
capital accounts [44]. Air pollution removal by urban green and blue infrastructure is
calculated using the EMEP4UK model which is a dynamic atmospheric chemistry transport
model [44,45]. Table 1 illustrates pollutants removed by urban green and blue infrastruc-
ture (i.e., urban trees and woodland, urban grassland, and urban water) as dry pollutant
deposition (i.e., in terms of kilo tonnes per year) throughout the UK in 2015. The negative
values for several pollutants removed by urban water, which are legitimate outputs of the
scenario comparison, imply that dry deposition to water would be higher if there were no
woodland or grassland [44].
The monetary account’s economic and health calculations are based on damage cost
per unit of exposure, with the economic benefit calculated directly from mortality and
morbidity statistics for each local authority in the UK, as well as the receiving population’s
change in pollutant exposure [44]. Detailed methods are given in Jones et al. [46].
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Table 1. UK pollutants removed by GI as dry pollutant deposition (kilo tonnes per year), 2015 [46].
Pollutant UGBI † Year 2015
Urban trees and woodland 1.23
PM10 Urban grassland 1.45
Urban water −0.004
Urban trees and woodland 0.70
PM2.5 Urban grassland 0.31
Urban water −0.003
Urban trees and woodland 0.59
SO2 Urban grassland 1.00
Urban water −0.049
Urban trees and woodland 0.44
NH3 Urban grassland 0.95
Urban water −0.045
Urban trees and woodland 0.41
NO2 Urban grassland 1.61
Urban water 0.000
Urban trees and woodland 4.97
O3 Urban grassland 16.94
Urban water −0.003
† urban green and blue infrastructure.
2.3. i-Tree Canopy
To calculate the tree cover and the monetary value for the selected areas in Bristol,
the free online tool i-Tree Canopy Version 6.1 in 2020 and Version 7.1 in 2021 was used. To
compare the data from the Office for National Statistics, the Pollution Removal GeoPackage
(i.e., found at: http://geoportal.statistics.gov.uk/search?q=Geopackage, accessed on 1 June
2021) was used to create six ESRI shapefiles in ArcGIS Version 10.5.1. The boundary of each
postcode area and the ESRI shapefiles were imported into the i-Tree Canopy tool. Each
boundary was 1 km2. A total of 500 random points (i.e., with a standard error (SE) < 3%)
were photo interpreted for each area for a total of 3000 points. Within each area, the
percentage of each cover class (i.e., ‘p’) was calculated as the number of sample points (i.e.,
‘x’) hitting the cover attribute divided by the total number of interpretable sample points




p (1 − p)
n
(1)
where p = percentage of each cover class, n = total number of interpretable sample points.
For the photo interpretation, two photo interpreters with a background in landscape
architecture and urban forestry classified each point using three cover classes: two default
classes (i.e., tree and non-tree) and grass. i-Tree Canopy Version 6.1 calculates air pollutant
removal and monetary values using the default values (i.e., the multipliers) of air pollutant
removal rates (i.e., g/m2/year) and monetary values (i.e., USD m−2 year−1) for a unit
tree cover derived from i-Tree Eco projects across the United States [49]. In this version
for international projects (i.e., outside the United States), the default values are derived
from the United States’ total removal amount and monetary values used from Ameri-
can urban areas [49]. The monetary values are in USD and the tool calculates currency
values from the online currency exchange tool at: https://www.openexchangerates.org,
accessed on 2 June 2021. On the other hand, i-Tree Canopy Version 7.1 estimates the
ecosystem service rates using i-Tree Eco batch runs as well as using local pollution and
weather data [50]. A description of the metadata used in the model is available in the
i-Tree Canopy metadata and data sources [50]. Furthermore, the monetary values for
ecosystem services in the UK are provided by Treeconomics, which are available online
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at: https://www.itreetools.org/documents/734/UK_Benefit_Prices_from_Danielle_Hill_
Treeconomics_-_Benefits_Prices_by_County_Final_1.xlsx, accessed on 10 June 2021. In this
study, both versions were run. Specific to Version 7.1, the tool used the UK’s average data
as well local data in urban areas, i.e., the South West data (Table 2).
Table 2. Multipliers derived from i-Tree Eco projects in the UK and using South West data [50].







CO 0.148 956.63 0.072 956.63
NO2 3.065 187.91 2.037 114.41
O3 10.304 928.15 9.06 770.40
PM10 2.08 33,713.00 2.033 33,713.00
PM2.5 0.521 30,654.87 0.567 26,838.42
SO2 0.405 64.93 0.251 41.56
* UK average data; ** South West data; Metric units: g = grams, m = meters, t = metric tons.
2.4. Comparison of the Office for National Statistics and i-Tree Canopy Tools
In terms of indicators, the i-Tree Canopy toolset contains six common air pollu-
tants (i.e., carbon monoxide (CO), nitrogen dioxide (NO2), ozone (O3), particulate matter
less than 2.5 microns (PM2.5), particulate matter greater than 2.5 microns and less than
10 microns (PM10), and sulfur dioxide (SO2) [49]) while the Office for National Statistics
also contains six common air pollutants (i.e., ammonia (NH3), NO2, O3, PM2.5, PM10,
and SO2). In order to compare the two tools, we have not included CO from i-Tree and
NH3 from the Office for National Statistics. Furthermore, to compare the total pollutant
removal amounts between i-Tree Canopy Version 7.1 with local data and the Office for
National Statistics’ findings, the Office for National Statistics values were converted from
kg/km2 to kg/ha.
3. Results and Discussion
3.1. Tree Cover Results Using i-Tree Canopy
The percentage of tree cover in the six areas are given in Figure 2. Area E and F
have the lowest coverage of 12.2 ± 1.46%, while the range of tree cover in the six study
areas is between 12.2 ± 1.46% and 35.6 ± 2.14%. The lowest value is higher than in a
previous study using i-Tree Canopy in Bristol, which found a value of 10% tree cover in
the city center in 2018 [51]. This difference is due to the fact that the Bristol Tree Canopy
Cover Survey in 2018 [51] assessed each area according to city council wards, e.g., Bristol
Central was calculated using the total area of 223.14 ha with a tree canopy of 10.0 ± 1.62%
using i-Tree Canopy and a tree canopy of 6.5% using i-Tree Eco. Furthermore, the UK tree
cover, in general, was found to be lower than in other European and American cities [52].
Doick et al. [53] suggest that UK towns and cities strive to achieve a 20% tree canopy cover
as a minimum standard while towns and cities with at least 20% cover should increase
their tree cover by at least 5% within the next 10 to 20 years [53]. Unless supplemented by
more comprehensive criteria, the canopy cover targets cannot give a true representation of
the structure, health, and function of GI [54].
Studies have suggested that increasing tree canopy may provide more support for
mental health [55]. Recently, Marselle et al. [56] found that people with a poor socioe-
conomic level who lived in an area with a high density of street trees within 100 m of
their home had a lower chance of being given antidepressants. In a study conducted by
Kondo et al. [57], it was found that a five-percentage-point increase in tree canopy might
result in a 302-death decrease every year, worth USD 29 billion in Philadelphia. Moreover,
a 10% increase in canopy over the city was linked to a USD 36 billion reduction in mor-
tality. If Philadelphia achieves its objective of raising tree canopy cover to 30% by 2025,
403 premature adult deaths (i.e., 3% of total mortality) might be avoided annually [57]. On
the contrary, UK city councils have raised concerns about the possible impact of increased
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tree cover in urban parks on crime and personal safety, as well as the fact that leaf fall from
deciduous trees can obstruct urban run-off drains [58]. Furthermore, while increasing tree
cover is associated with better pollution reduction, local-scale trees and forest design, it
can also influence local-scale pollution concentrations [59]. In Baltimore, Troy et al. [60]
found that a 10% increase in tree canopy was linked to a 12% reduction in crime. These
conflicting findings between the American and British indicate a clear policy difference at
the local level with different scientific viewpoints used to support their case.
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3.2. Air Pollution Removal, Monetary Value, and Tool Evaluation
The range of pollutants removed is between 1006.8 ± 120.79 to 2935.18 ± 129.58 kg
using i-Tree Canopy Version 6.1 (i.e., calculated using the US average), while i-Tree
Canopy Version 7.1 (i.e., using the UK average data) calculated a reduction between
2231.72 ± 249.68 and 5347.27 ± 341.57 kg. More specifically, at the local level, the results
yielded a range between 2063.22 ± 221.29 and 4944.86 ± 298.57 kg (Figure 3). Area C
recorded the highest removal of pollutants, which is nearly threefold compared to the
lowest in area E and F. The difference between the US and the UK average data is more
than double.
Using i-Tr e Canopy V rsion 7.1 with the UK d ta, the data overestimated the re-
duction of pollutants in area A and underestimated it in area E by a total of 103 kg when
compared to the local South West data. Figure 4 shows a comparison of the total pollutant
removal amount between i-Tree Canopy Version 7.1 with the local data and the Office for
National Statistics’ findings.
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There is a very strong contrast between the results using either tool. Throughout the en-
tire study area, the i-Tree Canopy results recorded a constant value of 139.483 kg/ha/year,
while the Office for National Statistics did not record any pollutant removal for area A
and near zero for areas B, E, and F. In area C, however, it recorded its highest pollutant
removal amount at 35.553 kg/ha/year. Figure 5 shows the amount of each pollutant
removed annually using i-Tree Canopy Version 7.1 with local data. Among the five pollu-
tants, O3 had the highest removal amount and NO2 ranged between 301.38 ± 32.34 and
722.32 ± 43.61 kg. In contrast, the Office for National Statics did not estimate any NO2
removal in Areas A and E (Appendix A, Table A1). The Office for National Statistics’ NO2
estimates are significantly lower than those of i-Tree Canopy (i.e., from either version of the
software). This outcome can be reasonably interpreted from the EMEP4UK model since,
while trees remove NO2 from the atmosphere, natural NO emissions from the soil under
trees also exist, and these values balance out to a substantial extent [44]. Our findings
are consistent with those of Jones et al. [44] who found that pollutant quantities assessed
using the EMEP4UK model are roughly half those found in i-Tree studies. Furthermore,
because the Office for National Statistics tool is based on a dynamic model, inhabitants of
one area may benefit from pollutants absorbed in neighboring areas due to the nature of
the model [43,44]. Additional pilot modeling, outside the purview of this study, can inform
possible locations and vegetation parameters to maximize its impact for the least polluted
conditions [8]. In the comparison of these results, consideration must be given to the fact
that both tools do not consider pollution removal by building integrated vegetation (e.g.,
green roofs and green walls). In this regard, previous studies have shown that green roofs
and green walls are effective to reduce pollution in streets [8]. Green walls, for instance,
have been shown to reduce NO2 levels at the street level by up to 40% and PM10 levels by
60%, according to researchers at Lancaster University [61]. It is also acknowledged that the
impacts of vegetation on air quality at local scales (e.g., at the street level) are dependent
on species composition and can be beneficial or negative. However, both tools were unable
to model this level of detail [43,62].
The average monetary value of the Office for National Statistics is GBP 16.19 per
person (i.e., the amount saved in healthcare costs) [44]. This result is higher than the UK
average of GBP 15.39 per person. The i-Tree Canopy local data recorded a range between
GBP 13,457 ± 1444 and GBP 32,252 ± 1948. Figure 6 shows the monetary value using i-Tree
Canopy Version 7.1 with the UK average data and local data. There is a difference of GBP
2617 in area A while in area F it is only GBP 336 due to a lower tree canopy. The monetary
values calculated using i-Tree Canopy Version 6.1 (i.e., using US average data) ranged
from GBP 5486.59 ± 658.25 in area E and GBP 16,009.96 ± 962.99 in area C. However,
these figures were estimated using the United States Environmental Protection Agency’s
BenMAP, which assesses the incidence of adverse health impacts and related monetary
values caused by changes in NO2, O3, PM2.5, and SO2 concentrations [49]. Therefore,
urban values were approximated using the national median externality values from the
United States [49]. Contrarywise, i-Tree Canopy Version 7.1 as well as i-Tree Eco have been
implemented using appropriate official values from the UK [63].
For the monetary values provided by GI, the two tools (i.e., i-Tree Canopy and the
Office for National Statistics) offer a distinct benefit—differing valuation approaches [46].
The researchers from the Centre for Ecology and Hydrology calculate the health benefit
from a change in air pollutant concentrations, whereas the i-Tree tools calculate damage
costs per tonne of pollutant emitted [46]. The monetary value from the Office for National
Statistics considers the costs of avoided health damage to people—i.e., the greater the
number of people who benefit from pollution removal, the higher the value [43]. As a
result, population density plays a significant role in final valuation. Moreover, the Office
for National Statistics calculates avoided damage costs caused by NH3 and PM10 within the
parameters of PM2.5, as this includes the aerosol fraction derived from NH3 and PM2.5 as
the riskiest (albeit bottom end) component of PM10 [43]. As such, these assumptions make
it difficult to compare the two tools. The comparison between the UK and the United States
189
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toolsets is further complicated by differences in the pollution levels of specific chemicals.
This includes the degree of segregation between emission zones, forests, and receptor
regions [46].
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One key difference between the two tools is the i-Tree Canopy software allows re-
searchers to define the project area at the beginning of the survey, while the Office for
National Statistics just allows researchers to enter the postcode to look for the study area
and they provide the kilograms of the pollutant removed per km2. The precision of the
result from i-Tree Canopy is based on researchers properly classifying each point into the
correct cover type [62]. When the number of points augments, the accuracy of the survey
increases. On the other hand, if insufficient points are input into the survey, SE increases.
As stated in Section 2.3, 500 points were input into each area, i.e., within the suggested
bounds of a proper i-Tree Canopy survey [62]. It is safe to suggest that some of the Google
imagery provided when piecing together the survey may be of poor image resolution and
may affect the decision of researchers during the input stage of the work [62].
3.3. Planting Strategies
In our study, we were only able to identify potential areas for future tree plant-
ing by combining the i-Tree Canopy and the Office for National Statistics results, using
Google Maps as well as an online tree inventory (i.e., found at: https://bristoltrees.space/
Locate/?latitude=51.47709&longitude=-2.58780, accessed on 3 June 2021). For example,
to aid with the Office for National Statistics calculation for the postcode BS1-2 (i.e., area
A where it recorded zero pollutant removal), city managers could think to increase the
tree canopy as illustrated in Figure 7. However, both tools do not provide any information
about soil and root space as they are not mainly designed for tree planting strategies.
While the i-Tree Canopy’s planar cover is valuable, it leaves the very essential vertical
dimension unbound, and neither stem count nor tree-crown cover locates GI in the urban
canyon three-dimensionally [10]. Several modeling studies reported that dense high-level
canopy vegetation can lead to increased pollution concentrations inside street canyons
by reducing turbulence, mi xing fresh air with polluted air, and trapping pollution at
ground level [64–67]. As a result, it is important to consider tree interaction with local
meteorological conditions and building arrangements in street canyons [65].
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It should also be noted that both tools do not provide information about species.
However, species selection tools are available via i-Tree Species software which was created
to assist urban foresters in choosing the best tree species for their needs (e.g., species’
potential environmental services and geographic location). Using this additional toolset,
users rank the importance of each desired environmental function provided by trees and
the tool estimates the appropriateness of the tree species based on weighted environmental
advantages of tree species at maturity [50]. In addition, a tree selection guide is available
online which provides nearly 300 potential species for GI [68]. Both tools do not design or
integrate tree planting applications; however, the i-Tree suite contains i-Tree Design and
i-Tree Planting, but these only function in North America. In particular, i-Tree Planting
is an online tool that calculates the long-term environmental benefits of a tree-planting
project with a variety of trees and species. Its methods are based on the i-Tree Design and
i-Tree Forecast tools [30]. Future research could develop a similar tool for Europe or a
geographic information system (GIS)-like tool similar to the one developed by Wu et al. [69]
that identifies suitable tree-planting locations by simulating the planting of large, medium,
and small trees on plantable areas, with large trees taking precedence because they are
projected to provide considerable benefits.
The suitability of each plant for each location, including tolerance of relevant stress
and projected growth form, must be carefully considered when implementing robust and
effective GI [67]. Lack of growth space, poor soil quality, light heterogeneity, pollutants,
diseases, and conflicts with human activities, constructions, and pavements are all key
issues for vegetation and green spaces in compact cities like Bristol City Centre [70]. If trees
are well-managed and the correct trees are planted in the right areas, the ecosystem services
they provide can greatly exceed the disservices, contributing to a city’s or town’s long-term
sustainability and livability [71]. Tree initiatives should include recommendations on how
to make public trees more resilient (e.g., promoting a broader species choice for public
areas and ways to achieve greater size diversification) [71]. Recognizing that the potential
for improving air quality through urban vegetation is limited, one important limitation to
mitigating current air quality problems through vegetation is that the most polluted areas
of cities have very limited space for planting, greatly limiting the potential for mitigation
using these methods [72]. The benefits of an integrated policy that geographically isolates
people from major pollution sources as much as possible (i.e., particularly transportation)
and uses vegetation between the sources and the urban population are maximized [72].
4. Conclusions and Recommendations
Many developed nations are beginning to reduce pollution emissions and deposition
through successful environmental policies [73–75]. At the same time, cities are imple-
menting strategies to tackle air pollution; e.g., large scale urban afforestation projects
are becoming more popular as a strategy to improve urban sustainability and human
health [76]. In order to design and plan sustainable cities, landscape architects and urban
planners need accurate metrics and indicators. In this communication, we have illustrated
two free user-friendly online tools (i.e., the Office for National Statistics and i-Tree Canopy)
using Bristol City Centre as an example. We found both tools are easy to use and communi-
cate ecosystem services and monetary values. However, they produce different results due
to the different methods that the tools incorporate. Our findings are in accordance with
the conclusions of Timilsina et al. [77], who reported that the disparity in predictions by
general models or average data have an impact on the estimation of ecosystem services.
We also discussed the use of these tools for future tree planting strategies. According to
Keith Sacre, co-founder of Treeconomics, the tree planting process should be strategized
into several elements: “(1) creating a vision: what is wanted? (based on ‘What is there
now?’); (2) setting targets which are achievable and deliverable; (3) creating an action plan,
comprising: where to plant, what to plant, how to plant, and what is needed to maintain?;
and (4) monitoring and reviewing progress” [78]. This approach would potentially allow
for “realistic and achievable targets to be set [and] suitable species to be selected” [78].
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In terms of a key strength of the i-Tree Canopy tool, it allows users to simply photo-
interpret Google aerial images to obtain statistically valid estimates of tree and other
cover types, as well as evaluations of their uncertainty [30]. Random point sampling
approaches such as i-Tree Canopy have the benefit of openly available data and software
that may be used by a wide range of people [79]. Users of any random point sampling
method, on the other hand, should be cognizant of the uncertainties involved with any
urban tree cover estimate, especially if it is being used to track change [79]. i-Tree Canopy,
as such, calculates several ecosystem services, e.g., avoided runoff, carbon storage and
sequestration, and air pollutants removal; however, European users should be aware that i-
Tree Canopy benefits (i.e., ecosystem services and monetary values) from selected locations
are available only in Sweden and the UK. Using the i-Tree suite software, one can identify
landscape features to predict other phenomena as well, e.g., wood tick presence [80]. Future
research could explore the use of i-Tree Canopy to map edible green infrastructure as well
as urban food provisioning ecosystem services [81]. The Office for National Statistics
tool, on the other hand, provides meaningful urban metrics that highlight the linkages
between GI and health which can improve health impacts through urban policies [82].
The Office for National Statistics website formulates its research from inputting postcodes
and working from the preset-2015 dataset. The use of postcodes is a standard that many
epidemiological studies utilize when pinpointing or narrowing in on specific phenomena
(e.g., pollutants) [83–85]. This, in turn, parallels the tool’s parameter structure and offers the
prospect of measuring other performance or production elements via overlaid GIS. As an
extension, we recommend the use of locals models for ecosystem services assessments [77].
Therefore, the Office for National Statistics uses landcover maps that are more appropriate
for analyzing ecosystem services at the regional scale rather than the local scale since
maps with limited resolution are unreliable for local studies unless additional data or
fine-adjustments are supplied [86,87].
At length, both tools are excellent online resources which are easy to use, require little
to no expert knowledge, and parallel a bottom-up concept, i.e., they are simplistic, fast,
and trackable. A key difference, however, is that the i-Tree Canopy software specifically
takes into account only tree (i.e., green) coverage while the Office for National Statistics
considers the total environment (e.g., water, vegetation, etc.). This methodological dif-
ference would explain much of the discrepancy in results since Bristol is situated on the
River Avon and water is considered a negative value in the Office for National Statistics
methodology. However, results must be validated by fieldwork so future research could
compare both tools using a stratified sample according to a rural-urban gradient [88–90].
Further case research would aid in better explaining if the toolsets could be integrated
somehow (e.g., GIS) and if GI strategy can reliably be sought after if vast differences are
present. Nonetheless, when factoring in an urban sustainable vision of designing green,
urban-friendly cities, an uncertainty analysis should become a formal practice and neces-
sary component of any modeling exercises, especially for models which aim to support
“model transparency, model development, effective communication of model output, [ . . . ]
decision-making” [91] and policy formation. To further improve or develop new tools,
researchers should also account for ecosystem disservices in order to assess the net benefits
of GI [92,93]. To conclude, the results of this communication have updated the literature
on the evaluation of GI tools in the UK [34] as well as provide a basis for the future devel-
opment of a comprehensive online design tool that is site-specific for GI strategy and for
the assessment of urban ecosystem services in Europe.
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Appendix A
Table A1. Amount of each pollutant removed by trees using i-Tree Canopy Version 7.1 and Version 6.1 (kg), and the amount
of each pollutant removed by blue and green infrastructure (i.e., urban trees and woodland, urban grassland, and urban
water) using the Office for National Statistics (kg/km2).
Area A B C D E F
NO2
i- Tree Canopy Version 7.1 UK 685.52 594.52 1000.97 771.93 497.45 417.76
i-Tree Canopy Version 6.1 US 103.48 100.68 248.9 138.43 85.3 85.3
i-Tree Canopy Version 7.1 UK South West 423.56 427.64 722.32 525.38 403.2 301.38
Office for National Statistics 0 9.6 238.7 49.5 0 4.8
O3
i- Tree Canopy Version 7.1 UK 2304.31 1998.43 3364.69 2594.77 1672.16 1404.28
i-Tree Canopy Version 6.1 US 799.32 777.72 1920 1070 658.9 658.9
i-Tree Canopy Version 7.1 UK South West 1883.35 1901.46 3211.74 2336.08 1792.81 1340.08
Office for National Statistics 0 88 2685.8 526.5 −8.8 43.5
PM2.5
i- Tree Canopy Version 7.1 UK 116.54 101.07 170.17 131.23 84.57 71.02
i-Tree Canopy Version 6.1 US 40.83 39.73 98.22 54.63 33.66 33.66
i-Tree Canopy Version 7.1 UK South West 117.87 119 201 146.2 112.2 83.87
Office for National Statistics 0 0.5 125 34.6 −3.6 0.1
PM10
i- Tree Canopy Version 7.1 UK 465.23 403.48 679.32 523.88 337.6 283.52
i-Tree Canopy Version 6.1 US 226.86 220.73 545.7 303.51 187.01 187.01
i-Tree Canopy Version 7.1 UK South West 422.61 426.68 720.69 524.2 402.3 300.71
Office for National Statistics 0 0.7 193.9 55.5 −4.3 0.1
SO2
i- Tree Canopy Version 7.1 UK 90.48 78.47 132.12 101.89 65.66 55.14
i-Tree Canopy Version 6.1 US 50.87 49.49 122.36 68.05 41.93 41.93
i-Tree Canopy Version 7.1 UK South West 52.25 52.75 89.11 64.81 49.74 37.18
Office for National Statistics 0 12.3 311.9 124.5 28.9 7.8
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